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PREFACE 

When  the  preparation  of  this  vokinie  was  first  undertaken 
some  years  ago,  there  was  not  in  the  English  language  a  sys- 
tematic treatise  on  the  subject- of  microscopic  petrography  which 
was  adapted  to  the  needs  of  students.  It  seemed  a  little  singular 
and  most  unfortunate  that  the  language,  in  which  at  the  hands 
of  Sorby  modern  petrography  had  its  birth,  should  not  possess  a 
clear  and  concise  presentation  of  its  principles,  methods,  and  data. 
The  best  treatise  then  available  was  a  translation  of  a  German 
text,  which  suffered  from  the  defects  inherent  in  translations, 
and  from  the  cumbrous  and  highly  involved  grammatical  con- 
structions of  the  German  original,  too  frequently  retained  in  the 
translation.  The  work  of  the  French  petrographers,  now  for 
several  years  in  the  front  rank,  was  then,  and  still  remains,  avail- 
able only  in  French.  Furthermore,  there  is  not  extant  in  that 
language  an  elementary  treatise  on  microscopic  petrography.  The 
accurate  and  remarkably  useful  methods  which  were  devised  by 
Fouque  and  Michel  Levy  are  to  be  found  only  where  the  savant 
would  search  for  them,  and  when  so  found  they  are  likely  to  be 
buried  so  deeply  in  mathematical  demonstrations  that  they  can- 
not easily  be  apprehended. 

More  recently  several  admirable  English  treatises  on  micro- 
scopic petrographic  methods  have  appeared  in  America,  namely 
those  of  Luquer.  Iddings,  and  Johannsen.  Without  disparage- 
rpent  to  these  it  is  still  true  that  the  principles,  methods,  and  data 
of  optical  mineralogy  have  not  yet  been  presented  concisely  and 
clearly  in  any  single  publication.  It  has  been  the  aim  of  the 
authors  to  supply  that  deficiency,  and  to  supply  it  in  that  form 
which  would  be  most  useful  to  the  student. 

This  work  had  its  inception  under  the  impulse  of  a  convic- 
tion that  English  students  and  independent  workers  in  petrog- 
raphy needed  a  clear  and  systematic  description  of  the  appara- 
tus to  be  used  and  the  methods  to  be  employed.  The  aim  has 
not  been  to  write  a  treatise  on  optics,  nor  upon  crystallography, 
but  the  elements  of  these  subjects  have  been  presented  only  so 
far,  and  as  briefly,  as  is  consistent  with  a  comprehension  of  the 
main  theme,  which  is  the  microscopic  study  of  minerals  and  rocks. 

More  recently  the  original  manuscript  has  been  revised  after 
being  put  to  the  test  of  use,  and  some  improvements  and  en- 


largements  have  been  added,  the  chief  of  which  is  the  alphabeti- 
cally arranged  descriptions  of  all  minerals  that  are  identifiable 
with  the  microscope.  The  work  claims  but  little  that  is  original, 
beyond  the  manner  of  condensation  and  presentation.  Being 
practical  teachers,  the  authors  know  the  difficulties  of  both  teach- 
er and  student,  and  have  had  both  in  mind  in  its  preparation. 
The  advanced  student  will  note,  howe\er,  new  illustrations  of  the 
effect  of  crystals  upon  light,  new  drawings  and  results  in  the 
discussion  of  the  feldspar  group,  and  new  tables  for  the  deter- 
mination of  minerals  microscopically.  It  has  been  the  aim  to 
bring  the  tables  and  descriptions  of  minerals  up-to-date,  and  to 
include  in  them  all  minerals  whose  optic  characters  are  suffi- 
ciently well-known  to  permit  their  determination  microscopically. 
This  is  a  feature  that  should  be  of  special  value  to  those  engaged 
in  studying  ores,  veins,  or  any  deposits  containing  not  merely 
the  ordinary-  rock  forming  minerals.  It  is  believed  that  with 
this  work  at  hand  the  independent  worker,  even  in  advanced  re- 
search, will  have  directions  for  practically  all  microscopic  tests, 
and  all  necessarj'  data  concerning  any  minerals  he  may  encounter. 

The  authors  have  made  free  use  of  the  published  works  of 
Michel  Levy,  Fouque,  and  Lacroix.  To  the  last  named  they  are 
lx)th  under  special  obligations.  They  have  also  constantly  con- 
sulted the  works  of  J.  D.  and  E.  S.  Dana,  of  Hintze,  Rosenbusch, 
and  the  other  well-known  authors  on  mineralog}'.  They  have 
adopted  from  Iddings  the  use  of  the  letters  X,  Y,  Z.  to  represent 
the  axes  of  ether  vibration  in  biaxial  cr\'stals. 

Probably  no  words  are  needed  to  justify  the  exclusive  use 
of  the  Miller  symbols  in  referring  to  cr\'stal  faces  and  forms. 

Special  thanks  are  due  to  Professor  U.  S.  Grant,  of  North- 
western University,  for  critical  suggestions,  and  for  the  labora- 
tory illustrations  of  Part  I,  which  in  the  main  are  adopted  from 
his  manuscript  notes. 

Professor  C.  E.  Mendenhall,  of  the  University  of  Wisconsin, 
kindly  revised  the  chapter  devoted  to  the  phenomena  of  light, 
and  to  him  the  authors  are  indebted  for  some  exact  definitions 
of  the  movements  of  light. 

N.  H.  WlXCHELL, 

.\lexaxder  N.  Winchell. 
December  i,  1908. 
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ELEMENTS  OF 

OPTICAL  MINERALOGY 

PART  I. 
PRINCIPLES  AND  METHODS. 

The  use  of  the  petrographical  microscope  involves  a  knowledge 
of  two  subjects,  and  hence  an  introduction  to  microscopic  petrog- 
raphy may  be  divided  into  two  chapters : 

1.  Certain  phenomena  of  li^ht. 

2.  Elements  of  mineralogy. 

The  refinement  of  microscopic  manipulation  in  modern  petrog- 
raphy consists  almost  solely  in  making  accurate  application  of 
the  phenomena  of  light  to  the  varying  structures  of  the  six 
crystallographic  systems  of  mineralogy.  Hence  a  third  chapter 
would  consist  of: 

3.  Application  of  polarized  light  to  crystalline  substances. 

CHAPTER  I. 

CERTAIN  PHENOMENA  OF  LIGHT. 

The  phenomena  of  light,  which  are  of  special  importance  to  the 
student  of  petrography,  are: 

Reflection. 

Refraction. 

Polarization. 

Absorption. 
Light  is  a  form  of  energy,  and  may  be  produced  by  trans- 
forming other  forms  of  energy  into  extremely  rapid  vibration  of 
a  medium  called  the  ether,  which  is  assumed  to  pervade  all  space, 
existing  in  all  parts  of  all  fluid  and  even  all  solid  bodies.  There 
must  be  some  medium  for  the  transmission  of  energ\^  through 


2  OPTICAL  MISERALOGY. 

taterptxaetzTj  spaces,  and  it  has  been  found  that  this  energy  is 
carried  in  the  same  war,  and  therefore  doubtless  b>'  die  same 
medium,  through  the  atmosphere  and  through  liquid  and  solid 
bodies.  Bat  the  phenomena  of  transmission  are  modified  by  the 
nv^kcnlar  structures  of  solid  bodies,  and  especially  by  that  of 
crrstallnie  bodies. 

PiOPAa%Tiox  OF  Light:  The  transmission  of  light  is  accom- 
plished by  means  of  motion  of  the  ether,  and  this  motion  in  its 
simplest  type  is  a  vibration  back  and  forth  in  planes  at  right 
angles  to  the  direction  of  transmission  of  the  light.  This  may 
be  more  readily  understood  by  considering  the  motion  of  any 
particle  of  water  when  a  wave-motion  is  produced  on  a  quiet  sur- 
face by  droppings  a  stone  into  it.  .\ny  particle  of  the  water 
moves  straight  op  and  down,  but  the  impulse  or  wave-motion 
nvyvts  outward  horizontallv  'in  all  directions  from  the  center  of 
disturbance.  So  in  the  case  of  light  the  wave-motion  moves  in 
straight  lines  in  all  directions  from  the  source  of  light,  but 
this  is  accomplished  by  means  of  vibrations  of  the  ether  in 
directions  perpendicular  to  the  direction  of  propagation.  This 
may  be  graphically  illustrated,  as  in  figure  i.     Here  A  B  repre- 

■^  HE 


FiC.  1.    ProfM^ation  of  Liicht. 

sents  the  direction  of  propagation  of  the  light  and  C  p  F  m  D 
rexiresents  one  complete  wave.  The  distance  C  D  is  therefore 
the  ivaze-length,  which  may  be  described  as  the  distance  from 
one  particle  to  the  next  in  the  same  phase,  i.  e.  in  the  same  rela- 
tive position  and  moving  in  the  same  direction.  The  motion  of 
each  particle  is  only  in  one  straight  line  perpendicular  to  the 
direction  of  propagation.  Thus  the  particle  at  p  will  move  down- 
ward to  p'  as  the  wave  advances.  These  two  points  are  equi- 
distant from  the  point  of  rest  for  this  particle,  which  is  on  the 
line  A  B.  The  amplitude  of  znbration  is  the  distance  from  the 
point  of  rest  to  the  point  where  the  particle  reverses  its  direction 
of  motion :  that  is,  it  is  one-half  the  distance  />/>'.  The  intensity 
of  the  lii^ht  varies  with  the  square  of  the  amplitude,  but  the  eoJor 
of  the  light  depends  upon  the  wave-length.  Thus  ordinary  white 
lig^ht  consists  of  waves  of  all  wave-leng^ths  in^m  that  of  violet  to 
that  of  red. 


REFLECTION  AND  REFRACTION.  3 

Wave- FRONT.  If  a  light  disturbance  starts  from  any  source, 
it  spreads  out  in  the  form  of  a  wave.  A  locus  of  points  in  which 
the  disturbance  is  in  the  same  phase  is  a  wave-front. 

Light  Ray.  A  light  ray  is  a  succession  of  points  forming  a 
line  in  the  path  of  a  light  wave  such  that  the  disturbance  at  any 
one  point  is  predominantly  due  to  the  disturbance  at  the  preced- 
ing points.  If  the  disturbance  at  any  point,  say  B,  is  due  to  the 
disturbance  at  A,  then  A  and  B  are  on  the  same  light  ray.  Also, 
the  light  ray  from  A  to  B  is  found  to  be  the  path  of  shortest 
time  of  passage  from  A  to  B, 

If  a  light  disturbance  spreads  out  from  a  single  point  source 
through  a  homogeneous  isotropic  medium  a  wave  front  will  be 
a  spherical  surface  increasing  in  radius  as  it  passes  away  from 
the  source.  When  the  radius  has  become  great  enough  (in 
ordinary  cases  some  hundreds  of  feet — in  more  precise  cases 
some  miles)  a  portion  of  the  spherical  wave  can  be  treated  as 
a  plane  wave.  When  a  wave  front  passes  through  a  boundary 
surface  from  one  isotropic  *  medium  to  another,  the  form  of  the 
wave  front  is  changed,  so  that  in  general  a  spherical  wave  is  no 
longer  spherical.  If  the  original  disturbance  had  spread  into  an 
anisotropic  medium,  the  form  of  the  wave  front  would  depend 
upon  the  special  nature  of  the  medium. 

Reflection:  When  light  reaches  the  boundary  between 
media  of  different  density  it  is  usually  in  part  turned  back  or 
reflected.  This  reflection  does  not  cause  the  light  to  return  along 
its  original  path,  except  in  the  case  of  light  striking  a  reflecting 
surface  perpendicularly.  But  it  is  true  at  ?ill  times  that  the 
angle  of  reflection  is  equal  to  the  angle  of  incidence,  (fig.  2.) 
Furthermore,  the  incident  and  reflected  light-rays  both  lie  in  the 
same  plane  with  the  normal  to  the  reflecting  surface  at  the  point 
of  incidence. 

Refraction  :  For  a  general  figure  to  illustrate  single  refrac- 
tion, draw  a  circle  about  the  point  A,  at  which  a  ray  of  light 
traversing  the  common  air,  encounters  a  horizontal  surface  D  C 
of  another  isotropic  medium  (water)  of  greater  density  than 
air.  Let  G  II  be  a  perpendicular  diameter  of  the  same  circle. 
The  ray  B  A  will  be  divided  at  A  into  two  parts :  one  part  A  F, 
will  be  reflected,  as  already  explained,  at  an  angle  (r)  equal  to 
the  angle  (1)  at  which  the  ray  falls  on  the  surface  of  the  denser 


•  For  a  definition  of  the   terms   isotropic  and  anisotropic,  see  p.  12. 
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•v-T-::'—,.  The  other  i)art.  ./  E  will  pass  into  the  other  medium, 
Mr*  -itTcrs  a  (lctlccti<jn  from  its  course,  dependent  upon  its  direc- 
•.  T.  and  the  difference  <>f  density  of  the  two  mediimis,  being:  bent 


Fiff.  2.    Reflection  mod  Single  Refraction. 

triward  the  vertical  G*  //.  The  anjjle  /:  A  H  is  called  rho  (f)>.  or 
TiiK  An(;i.i-:  of  Kkfractiun  :  It  is  obvious  that  this  angle 
is  in  llie  same  plane  as  the  anj^les  4)f  incidence  and  reflec- 
tion, which  may  be  distinguished  by  letters  i  and  r  respectively. 
If,  in  such  conditions,  a  ray  j)ass  from  a  denser  to  a  licrhter 
medium  the  refraction  of  that  j^art  which  enters  the  lighter 
medium  woulrl  be  away  fmm  the  perjKMidicular  G  H.  There  is 
in  general  n«»  refractinn  if  the  ray  is  per|KMidiciilar  to  the  surface 
at  .-/•. 

1  he  ancrles  of  incidence  and  of  refraction,  for  the  same  sub- 
stances, have  an  in^)  .mnt  and  osi^iant  relation  to  each  other, 
whatever  r-v  hr  the    !:r<cti'^n  of  the  incident  rav. 

''    .  k '.'  i  r«'.\  :    Thus,   the   sine  '»f   /    \KB)    divided 

:     f  /j      /./,  ■  cn-tiiules  the  iiuhw  .  ;  refraction,  which 

'  -'  •    ■  :'  u-r  in  daenr.inintr  mineral  species.     <.^rdi- 

•    :-      ■*  y.'- >!,•*:••):.  Mt  a  criven  medi-KTi.  is  co-rrn'ted 

■    "    "'■     Tiri-sr-;    fr-'*-i    atm-'splieric   air   into   that 

■  ■■.'  -r   .'  ^  rs\  temperature  and  banviietric  pressure 


by  the  -: 
is  a  T^r  .- 
n:l^ily  **• 
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INDICES  OF  REFRACTION. 


If  some  other  medium  be  employed  than  air,  the  index  of  re- 
f taction  of  the  substance  in  air  will  be  the  product  of  its  index  in 
the  medium  by  the  index  of  that  medium  in  air. 

INDICES  OF  REFRACTION  OF  VARIOUS  SUBSTANCES. 


n  =  1.310 
n  =  1.336 
n=  1.36 

•I  =  1.435 
n  =  1.47 

n=  1.536— 1.549 

n  =  1.544 

n  =  1.547 

n  =  1.75    or  1.74092  at  i6*  C. 

n  =  2,270 

n  =  2.369 

n  =  2.712 


For  ice 
For  water 
For  alcohol 
For  common  glass 
For  olive  oil    • 
For  Canada  balsam 
For  rock  salt 
For  quartz 

For  methylene   iodide 
For  diamond 

For  sphalerite  or  zinc  blende 
For  r utile 

For  air  at  the  temperature  of  freezing  and  with  a  barometric 
pressure  of  760  mm.,  compared  with  a  vacuum,  n  =  1.000294. 

Light  of  different  colors  has  different  indices  of  refraction, 
owing  to  the  varying  length  of  the  light-wave.  The  index  of 
refraction  for  the  colors  near  the  violet  side  of  the  solar  spectrum 
is  greater  than  for  those  near  the  red  side.  In  practice,  however, 
where  the  different  colors  of  the  spectrum  are  shown,  comparison 
is  made  usually  of  the  violet  (v)  with  the  red  (p).  The  inter- 
mediate colors  are  seldom  mentioned. 

Total  Reflection:  The  phenomenon  of  relief  as  observed 
under  the  microscope,  is  due  to  high  refraction,  as  when  a 
ray  of  light  passes  from  a  section,  say  of  olivine,  into  the  air. 
In  this  case  the  ray  is  refracted  away  from  the  perpendicular. 
Let  the  ray  A  O  (fig.  3)  strike  the  upper  surface  L  M  of  the 
olivine  section  at  the  point  0.     Then  it  will  be  refracted  along 

the  line  O  D.  If  the  direction  of 
the  incident  ray  coming  from  the 
condensing  lens  be,  instead,  repre- 
sented by  A'  O,  on  reaching  L  M 
the  refraction  might  be  along  the 
line  O  L.  But  if  the  direction  of 
incidence  of  the  ray  be  such  as  to 
make  any  angle  less  than,  say  A'  O 
M,  as  A''  0  M,  then  the  ray  will  be 
totally  reflected  at  O,  in  the  direc- 
tion O  C  and  lost  to  the  observer. 


Fiff.  3.    Total  Reflection. 


6  OPTICAL  MINERALOGY. 

It  is  obvious  that  this  total  reflection  increases  with  the  re- 
fractive index  and  for  rutile  would  be  greater  than  for  olivine. 
It  is  most  observable  about  the  edges  of  any  mineral  section. 

Laboratory  Illustration:  Small  fragments  of  minerals  having  different 
refractive  indices  should  be  viewed,  immersed  in  balsam  on  a  slide,  and 
notice  taken  of  the  difference  of  relief.  Quartz  and  oligoclase  have 
practically  the  same  refractive  index  as  the  balsam,  but  topaz,  hornblende, 
olivine,  augite,  epidote,  zircon  and  rutile  form  an  ascending  scale  with 
increasing  relief,  often  showing  a  marked  shagreen. 

Determination  of  the  Index  of  Refraction.  There  are 
several  methods  of  determining  the  index  of  refraction,  but  for 
the  petrographer  the  following  described  two  methods  are  prob- 
ably the  most  useful.  That  of  due  de  Chaulnes  has  been  im- 
proved by  Sorby,*  and  is  very  commonly  referred  to. 

Suppose  an  object  (O)  to  be  in  the  focus  of  the  objective  of 
the  microscope,  the  rays  from  which  enter  the  objective  without 

\  obj»ci*«v*  '  L«¥ws  / 


T 
Fiff.  3a.    Chmalnes  Method. 

passing  through  any  other  medium  than  common  air.  If  then  a 
transparent  thin  section  of  glass  (M)  be  interposed  between  the 
object  (O)  and  the  lens  of  the  microscope,  it  will  appear  that 
the  tube  of  the  microscope  must  be  raised  a  short  distance  in 
order  to  bring  the  object  again  into  focus,  which  may  be  at  p. 
This  is  due  to  the  fact  that  all  rays  from  O  are  refracted  away 
from  the  normal  {o  b)  on  emerging  from  the  thin  section,  as 
illustrated  by  the  figure  for  the  rays  o  c  and  o  k. 

In  the  adjoining  figure  let  d  ^  be  perpendicular  to  c  6  and  par- 
allel to  a  0,  Then  the  ray  c  o  will  have  i  for  its  angle  of  incidence 
at  c,  and  e  o,  or  its  equivalent  c  b  for  its  sine  and  c  e,  or  its 
equivalent  b  o,  or  its  cosine.  As  the  tangent  is  the  equivalent  of 
the  quotient  of  the  sine  divided  by  the  cosine,  then 

._c6 
tan  I  = , - 

00 


•  MIn.  Mag.  II.  1.  103.  1878. 
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The  same  ray  will  have  p  for  its  angle  of  refraction.  Its  sine 
^s  g  p,  or  its  equivalent  c  b.  Its  cosine  is  c  ^  or  its  equivalent 
b  p.    Then 

c6 

tan  p=  -J-- 

Dividing, 

tan  i  _  bp 
tan  p        bo 

As  the  tangents  have  the  same  ratio  as  the  sines, 

sin  }        bp 
sin  p        ^^ 

Therefore  the  index  of  refraction  for  a  ray  emerging  into  air 

at  c  is  the  ratio  of  the  thickness  of  the  plate  {b  0^  divided  into 

the  thickness  of  the  plate  as  reduced  for  the  new  focal  point 

(b  p).  For  a  ray  passing  from  air  into  the  plate  i  and  p  obviously 

are  interchanged,  and 

bo 

ft  =  -7— 

bfi 

The  distances  b  0  and  b  p  can  be  measured  by  the  micrometer 
screw. 

In  the  place  of  glass  any  transparent  mineral  section  could 
be  substituted  with  practically  the  same  results,  but  in  the  case 
of  a  doubly  refracting  mineral  the  rays  E  and  O  would  have  to 
be  investigated  separately. 

Other  methods  of  determining  the  index  of  refraction  are  more 
exact.  They  are  based  on  the  angle  of  total  reflection  for  the 
substance,  and  on  the  Becke  method  of  observation  described 
below. 

Fragments  of  transparent  crystals  are  immersed  in  a  heavier 
liquid  whose  index  of  refraction  can  be  raised  or  lowered  by  the 
addition  of  another  liquid.  In  that  way  the  Becke  line,  between 
the  liquid  and  the  fragments,  can  be  caused  to  disappear,  which 
indicates  that  the  liquid  and  the  fragments  have  the  same  refrac- 
tive power.  The  index  of  refraction  of  the  liquid  is  then  to  be 
determined.  When  the  orientation  of  any  observed  fragment  can 
be  noted,  as  the  direction  of  X  or  Z,  the  refractive  index  np  or  «g 
may  be  determined.  Otherwise  this  observation  determines  only 
some  index  between  the  limits  iig  and  tip. 

The  angle  of  total  reflection  has  been  employed  in  different 
devices  for  determining  the  index  of  refraction.  The  refractom- 
cters  of  Bertrand   and   of  Smith   are   specially   adapted  to  the 


( 
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examination  of  fragments  npon  which  a  plane  surface  exists  or 
can  be  cut,  and  hence  are  adapted  to  the  examination  of  gems. 

Smith's  refractonieter  is  illustrated  by  the  adjoining  figure.* 
The  specimen  to  be  examined  is  applied,  by  its  smooth  surface,  to 
the  flat  surface  of  a  hemisphere  of  dense  glass  having  a  refrac- 
tive index  of  1.7902,  and  so  inclined  to  the  axis  of  the  instrinnent 


Fig.  3b.    Smith's  Rcfriclomclcr  Isctual  liie.) 

that  the  center  of  the  field  corresponds  to  a  refractive  index  of 
1.61.  At  the  eyepiece  of  the  instrument  a  scale  is  seen  within, 
across  which  falls  the  line  separating  darkness  from  light,  i.  e. 
the  line  limiting  total  reflection  for  the  substance  under  examina- 
tion. From  the  scale  the  index  is  read  directly  to  the  second  place 
of  decimals,  and  the  intervals  are  such  that  the  tenths  of  eacli  can 
be  estimated. 

The  most  exact  method  of  applying  total  reflection  to  the  de- 
termination of  the  index  of  refraction  requires  a  liquid  of  higher 
index  than  the  mineral  in  question.  In  this  the  mineral  is  sus- 
pended, or  fixed  on  a  suitable  holder,  its  reflecting  surface  ver- 
tical. It  is  rotated  about  a  vertical  line  situated  in  the  reflecting 
surface,  an<!  its  position  of  total  reflection  of  a  beam  of  light  that 
strikes  the  reflecting  surface  normal  to  the  vertical  line  in  the 
reflecting  surface,  is  read  through  a  special  telescope  whose  axis 
is  also  perjjcndicular  to  the  line  alxnit  which  the  crystal  rotates. 
The  angle  of  rotation  from  total  reflection  in  one  position  to  totai 
reficctinn  in  another,  the  two  being  in  adjacent  quadrants,  is 
read  on  a  horizontal  graduated  circle.  These  points  are  obviouslv 
on  opposite  sides  of  the  axis  of  the  observing  telescope.  The 
total  rotation  is  double  the  angle  wanted. 


I    MaR!iz( 
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Figure  3  c  illustrates  the  use  of  this  apparatus.  It  represents 
a  horizontal  section  passing  through  the  vessel  containing  the 
heavier  liquid,  coinciding  with  the  axis  of  the  observing  tele- 


Fig.  3c.    Kohlrausch's  Apparatus. 

scope.  The  plates  c  and  d  represent  two  positions  of  the  reflect- 
ing surface  at  the  instants  of  total  reflection,  N  is  the  normal  of 
the  surface  d  and  A"  is  the  normal  to  the  surface  c  at  the  corres- 
ponding moments  of  time.  It  is  plain  that,  since  total  reflection 
occurs  when  the  angle  of  refraction,  NOD  or,  N'OC,  is  90°, 
the  axis  of  the  observing  telescope  O  T  is  the  line  of  the  incident 
ray  for  both  observations  and  that  the  total  angle  of  rotation, 
.V  0  A",  is  double  the  angle  of  incidence. 
Since 


sin  % 

n  —  -.—     ,  if  p  is  go* 
sm  /o 


-  sin  t 

then  N  =  -y-  =  sin  /  for  air. 


Allowing  .r  to  represent  the  refractive  index  of  the  liquid 
(p.  5.),  the  value  of  ;/  for  the  mineral  is  expressed  by  the  for- 
mula 

n  =  .r  sin  i 

The  examination  should  be  made  in  monochromatic  light,  yel- 
low (sodium)  being  preferable  and  usually  most  readily  avail- 
able. For  a  table  of  the  refractive  indices  of  various  liquids  and 
solids  see  p.  5. 

If  the  reflecting  surface  is  parallel  to  the  optic  axis  of  a  uni- 
axial mineral  both  its  indices  mav  be  determined  from  the  two 
angles  of  total  reflection  that  will  be  observed ;  if  it  be  normal  to 
a  bisectrix  of  a  biaxial  mineral  similarly  it  permits  the  determina- 
tion of  two  of  the  indices  of  the  mineral. 


lo  OPTICAL  MINERALOGY. 

Determination  of  relative  Valiums  of  indices.  The  "Becke  method." 
It  sofnetiines  happens  that  two  adjacent  mineral  grains  in  a 
thin  section  cannot  be  distinguished  from  each  other  by  any  ob- 
vious characters,  though  belonging  to  different  species.  They 
can  be  distinguished  by  what  is  known  as  the  "Becke  method," 
by  a  comparison  of  their  refractive  indices.  This  very  delicate 
and  reliable  test  is  at  the  same  time  quite  simple.  It  involves  the 
use  of  total  reflection  in  connection  with  refraction. 

In  convergent  light,  with  a  high  power  objective  (Nachet  No. 
7)  bring  the  focus  directly  upon  the  line  of  separation  of  the 
two  mineral  grains*  On  lowering  the  condenser  and  removing 
the  analyzing:  nicol  the  field  is  a  little  darkened,  but  a  very  fine 
line  of  white  light,  clearer  and  brighter  than  the  grain  on  either 
side,  accompanies  sharply  the  line  marking  the  contact  of  the 
two  grains.  When  the  objective  is  focused  so  that  the  line  is 
bright,  if  the  objective  be  raised  very  gently,  and  the  least  amount 
possible,  this  bright  line  moves  a  little  toward  the  more  refrac- 
tive mineral.  If  the  objective  be  lowered  in  the  same  way  the 
white  border  shifts  a  little  toward  the  less  refractive  mineral. 
This  method  is  most  useful  for  disting^uishing  between  orthoclase 
and  quartz,  and  especially  between  acid  and  basic  plag^ioclases 
as  compared  with  quartz.  It  is  to  be  employed  with  one 
caution,  viz. :  when  two  adjacent  minerals  of  nearly  the  same  re- 
fractive index  happen  to  be  cut,  one  perpendicular  to  X  and  the 
other  to  Z,  the  movement  of  the  bright  line  might  be  governed 
by  the  difference  between  n^  and  n,,  rather  than  by  the  difference 
of  their  mean  refractive  indices. 

The  phenomena  of  this  method  have  been  explained  by  W.  O. 
Hotchkiss,**  and  from  his  explanation  the  following  is  con- 
densed. 

-^  J5  is  a  vertical  section  through  a  thin  rock-section,  showing 
two  minerals  whose  plane  of  contact  is  represented  by  the  line 
Y  Z,  B  having  the  greater  index  of  refraction.  Four  rays  of  light, 
ascending  from  the  convergent  lens,  are  represented  by  i,  2.  3,  4 
at  incident  angles  on  X  Y  of  45°  and  20°.  Without  refraction 
they  would  meet  at  0.  If  the  refractive  indices  of  A  and  B  are 
1.50  and  1.70  respectively,  since  the  sine  of  the  angle  of  incidence 
at  total  reflection  is  the  reciprocal  of  the  refractive  index,  the 
angle  of  total  reflection  for  B  is  62**  10'.     Therefore  the  rays  3 

•  For  a  description  of  the  microscope  and  its  parts  see  p.  41  and  figure  54. 
••American   Geologist,   vol.   xxxvi.   p.    3().'.   Nov.   1905. 
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and  4  will  be  totally  reflected  on  striking  the  separating  plane 
V  Z,  at  m'  and  n,  their  angles  of  incidence  being  greater  than 
62°  10'.  The  rays  i  and  2  passing  throngh  A  are  not  totally 
reflected  on  reaching  Y  Z,  since  B  is  denser  than  A,  but  they  are 
partially  reflected  at  m  and  n,  and  partially  refracted  into  B  as 
shown,  the  amount  reflected  depending  on,  whether  the  plane  of 
contact  between  A  and  B  is  polished  or  rough,  on  the  size  of  the 
angle  of  incidence  and  on  the  difference  between  the  indices  of 
A  and  B,  The  result  is  that  in  all  cases  there  is  a  preponderance 
of  light  on  the  side  of  that  mineral  having  the  higher  index  of 
refraction  when  the  objective  is  focused  on  the  surface  of  the 


Fig.Jd.    TheB«ki 


section  or  on  any  point  within  the  section  from  the  surface  to 
m .  It  is  obvions,  from  the  direction  of  the  refracted  and  reflected 
rays,  that  on  raising  the  focal  point  within  this  intervol  the  bright 
line  broadens  and  moves  toward  B,  but  on  lowering  it  the  line 
is  moved  toward  Y  Z  and  brightened ;  if  the  focus  be  lowered  to 
a  point,  which  may  be  represented  by  m,  the  brightest  light  ap- 
pears on  the  side  of  the  mineral  of  the  lower  index.     This  is 
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explained  by  the  fact  that  the  light  in  A  (rays  i  and  2)  is  con- 
centrated within  the  space  mr,  but  the  light  in  B  (rays  3  and  4) 
is  extended  over  a  broader  interval,  ms. 

Inclined  illumination.  When  the  mirror  is  shifted  out  of  the 
axis  of  the  microscope  or  one  side  of  the  beam  of  light  from  the 
mirror  is  shaded  by  any  means,  the  light  and  shade  on  the  two 
sides  of  two  substances  of  different  refringence  are  even  more 
pronounced  than  in  the  method  described  above,  as  Becke  him- 
self has  stated.  The  cause  of  the  phenomenon  is  easily  under- 
stood by  a  study  of  figure  3e,  in  which  the  mineral  A  is  sur- 
rounded by  a  mineral  B  of  higher  index  of  refraction.  Now  an 
inclined  beam  of  light  passing  from  B'  into  A  is  made  narrower, 


A  - 


B'4 


Fiff.  3e.    Inclined  Illumination. 

or  condensed,  by  refraction  away  from  the  perpendicular,  while 
a  similar  and  parallel  beam  of  light  passing  from  A  into  B  is 
refracted  toward  the  perpendicular  and  therefore  dispersed.  Con- 
sequently, when  the  Q(\gQ  api>ears  bright  ( as  in  i)assing  from  B' 
to  A )  the  mineral  of  higher  index  is  on  the  side  whence  the  light 
comes,  and  when  the  edge  appears  dark  (as  in  passing  from  A 
to  B)  the  mineral  of  lower  index  is  on  the  side  whence  the  light 
comes. 

In  using  this  method  it'  may  be  noted  that,  though  the  direction 
of  inclination  cf  the  beam  of  light  is  reversed  by  the  substage 
lenses,  it  is  counteracted  by  the  reversal  of  the  image  in  the  mi- 
crosco])e.  Hence  tlie  j)henomena  may  be  read  as  though  no 
change  of  inclination  took  place. 

Isotropic  and  Anlsotropic  Substances.  All  substances 
capable  of  transmitting  light  are  divided  inlo  two  classes :  viz. 
isotropic  and  anisotropic. 

In  isotropic  bodies  light  passes  with  equal  velocity  in  all  di- 
rections. Such  are  gaseous,  fluid,  and  amorphous  bodies,  as  air, 
water,  glass :  also  those  which  crystallize  in  the  ^'sometric  system. 
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In  anisotropic  bodies  light  passes  with  greater  velocity  in 
certain  (Hrections  than  in  others.  Such  bodies  crystalHze  in  any 
one  of  tlie  live  other  systems  of  minernls. 

Single  refraction  takes  place  in  isotropic  bodies  and  double 
refraction  in  anisotropic. 

Refraction  in  Anis.otropic  Media. 

Owing  to  the  greater  number  of  rock-forming  minerals  belong- 
ing to  the  crystalline  systems  here  included,  and  especially  to  the 
triclinic  and  monoclinic  systems,  the  processes  and  principles  of 
double  refraction,  and  the  polarization  which  results  from  it, 
possess  the  highest  importance  and  utility  in  microscopic  petrog- 
raphy. 

Nature  of  Double  Refraction  :  When  a  ray  of  light 
from  an  isotropic  medium  enters  an  anisotropic  medium, 
at  whatever  angle,  its  vibrations  are  made  to  conform  to  the 
molecular  structure  of  the  latter,  and  it  advances  in  accordance 
with  the  ease  of  the  light  movement  possessed  by  the  latter.  It 
is  at  once  divided  •  into  two  rays  polarized  at  right  angles  to  each 
other,  and  travelling  in  different  directions;  one  is  the  ordinary 
ray  (O),  so-called  because  it  follows  the  laws  of  single  refraction, 
and  the  other  the  extraordinary  ray  (/i),  which  does  not  follow 
the  laws  of  single  refraction ;  when  the  original  ray  enters  the 
anisotropic  medium  perpendil^ular  to  its  surface  the  ordinary 
ray  passes  directly  through  without  refraction,  if  the  surface  of 
exit  is  parallel  to  the  surface  of  entrance,  but  the  extraordinary 
ray  is  diverted.*  On  leaving  the  substance,  however,  the  two 
parts  resume  parallelism,  but  with  the  waves  of  one  slightly  in  ad- 
vance of  the  other.  If  these  rays  are  then  brought  into  parallel 
vibration,  as  by  passing  through  the  analyzer,  the  two  sets  of 
waves  interfere,  producing  light  of  different  colors.  This  is  the 
circumstance  on  which  rests  most  of  the  work  done  in  examining 
minerals  in  thin  section  in  parallel  polarized  light. 

If  on  emerging  from  such  anisotropic  body,  the  plane  surface 
separating  the  media  at  the  pohit  of  exit  be  oblique  to  the  direc- 
tion of  the  oppositely  polarized  rays,  or  to  the  direction  of  either  of 
the  refracted  and  polarized  portions,  such  ])lane  acts  as  a  refract- 


•  If  the  Incident  ray  is  perpendicular  to  the  surface  and  parallel  \rith  an 
optic  axis,  there  is  no  refraction  nor  polarization;  and  if  perpendicular  to 
the  surface  and  to  &n  optic  axis,  there  is  no  refraction,  but  there  is  a 
division  into  two  rays  traA-elling:  at  different  rates  and  polarized  at  right 
angles  to  each  other. 
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ing  agent  in  accordance  with  the  comparative  density  of  the  two 

media,  in  the  same  manner  as  in  single  refraction. 
The  index  of  refraction  of  the  ordinary  ray  is  expressed  by  the 

Greek  letter  omega  (cu),  and  that  of  the  extraordinary  ray  by 

epsilon  (c). 

Polarization.    With  an  ordinary  beam  of  waves  of  light,  the 

character  of  the  disturbance  produced  by  the  waves  as  they  pass 

any  point  is  such  that  during  the 
shortest  time  which  we  can  use 
in  experimenting  the  disturb- 
ance has  no  fixed  direction  or 
character.  That  is  to  say,  dur- 
ing this  time  the  ether  is  subject 
to  the  same  average  displace- 
Fig.  4.  PoUriMtion  by  reiiectioii.  ^j^„/  jn  all  directions.     With  a 

polarized  beam  of  waves  the  disturbance  at  a  point  is  fixed  in 
character, — i.  e.,  is  permanently  linear  in  a  definite  direction,  or 
elliptical  or  circular,  as  the  case  may  be.  * 

In  the  first  case  it  is  referred  to  as  a  plane  polarised  wave. 
Light  may  be  thus  polarized  by  reflection,  or  by  refraction,  or, 
in  some  cases,  by  transmission  without  refraction. 

By  Reflection.  An  ordinary  beam  of  light  waves,  incident 
fnot  normally)  on  a  non-metallic  reflecting  surface  may  be  con- 
sidered as  resolved  into  two,  one  vibrating  perpendicular  and  one 
parallel  to  the  plane  of  incidence.  These  two  component  beams 
will  (with  ordinary  light)  be  of  equal  intensity  before  incidence, 
but  will  be  reflected  in  different  proportions,  so  that  in  the  re- 
flected beam  vibrations  normal  to  the  plane  of  incidence  will 
predominate.  Thus,  fig.  4,  a  beam,  a  b,  reflected  from  a  polished 
plate  glass  at  b,  has  a  part  of  its  vibrations  brought  into  a  single 
direction,  as  indicated  by  the  arrow  points,  and  this  direction  is 
perpendicular  to  the  plane  of  incidence  and  reflection. 

By  Single  Refraction  :  Most  of  the  processes  of  micro- 
scopic petrography  involve  light  polarized  by  refraction.* 

Light  may  be  singly  or  doubly  refracted. 

Tn  the  case  of  single  refraction,  the  light  of  the  refracted  ray 
is  partially  ix)larized  in  a  plane  at  right  anp^les  to  the  plane  of 
polarization   of  the   reflected   ray.      The   maximum   polarization 


•  This    Is   tlw?   customary   .statement,    but    it    should    be    remembered,    aa 
istated   under  refraction   that   polarization   may   take   plajce   in   a  transmitted 

ray    without   r»*frartion. 
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in  both  refracted  and  reflected  rays  occurs  when  these  are  at 
right  angles  to  each  other. 

By  Double  Refraction  :  The  two  rays  are  completely  polar- 
ized in  all  cases  of  double  refraction,  in  planes  at  right  angles 
to  each  other. 

The  eye  cannot  distinguish  polarized  light  from  ordinary  light. 
Indeed  most  of  the  light  that  enters  the  eye  is  already  partially 
polarized,  resulting  from  the  refraction  and  reflection  which  it 
suffers  from  surrounding  objects.  The  angles  and  degrees  of 
reflection  are  so  numerous  and  so  various  that  a  general  diffusion 
of  light  takes  place,  instead  of  any  unique  change  referable  to 
a  single  reflection.  It  is  only  when  a  bundle  of  rays  are  gath- 
ered from  this  confused  mass  and  given  uniform  direction  as 
by  the  mirror  of  the  microscope,  and  passed  with  precision 
through  some  of  the  foregoing  experiments  that  light  may  be 
proven  to  possess  the  quality  of  polarization. 

THE  NICOL  PRISM. 

In  the  nicol  prism,  or  simply  the  nicol,  which  is  an  essential 
part  of  every' polarizing  microscope,  advantage  is  taken  of  the 
divergence  of  the  ordinary  and  extraordinary  rays,  to  isolate 
the  latter  for  use  in  the  examination  of  minerals.  This  is  done 
in  the  following  manner  :^— 

Iceland  spar,  which  is  simply  a  pure  and  very  transparent 
form  of  common  calcite,  the  principal  ingredient  of  limestone. 


nt-  S-    Slda  View  ot  tha  Nicol  Piiim.  Fig.  i.  End  Vi«w  af  th(  Nitol  Prinn. 

readily  cleaves  in  three  directions.     Hence  it  is  easy  to  obtain 
inclined  prisms,  more  or  less  elongated  in  one  direction.     The 


16  OPTICAL  MISERALOGY. 

trA  CMOkVSLgts  arc  inclined  71  degrees  to  the  obtuse  edges  of  the 
;/rijrri.  The  side  view  of  such  a  prism  is  represented  by  figure  5, 
A  B  C  U.  The  end  faces  are  then  reduced  by  grinding  and 
polishing  until  the}-  make  an  angle  of  68  degrees  iiith  the  obtuse 
tdgti.  The  prism  then  would  have  the  form  A  B' CD.  It  is 
then  carefully  cut  into  two  parts  along  the  plane  H  L  perpendicu- 
lar to  the  shorter  diagonal  of  the  end  face.  The  cut  faces,  after 
polishing,  are  cemented  together  again  in  their  original  position 
bv  Canada  balsam,  which  has  nearly  the  same  index  of  refrac- 
tion  as  the  Iceland  spar.  It  is  then  covered  by  a  black  coating 
of  some  kind.  The  end  aspect,  when  completed,  is  shown  by 
figure  6,  in  which  the  line  A  B  represents  the  shorter  or  principal 
diameter,  parallel  with  which  are  the  vibrations  of  the  extra- 
ordinary ray. 

When  a  ray  of  light  enters  the  prism  at  /  the  prism  is  so 
adjusted  that  the  extraordinary-  ray  is  refracted  into  the  direc- 
tion /  K  and  emerges  parallel  with  its  original  direction,  at  K. 
The  layer  of  balsam  does  not  essentially  disturb  its  direction, 
but  the  ordinary  ray  /  O,  polarized  at  right  angles  to  £he  extra- 
ordinary ray,  has  so  large  an  angle  of  incidence  on  the  balsam 
layer  at  O,  and  so  high  an  index  of  refraction  that  it  is  totally 
reflected  and  lost  against  the  blackened  surface  of  the  prism  at 
//'.  The  vibrations  in  the  extraordinar>'  ray  are  parallel  to  the 
shorter  diameter,  or  to  the  principal  optic  section  of  the  nicol 
prism.     (See  a  more  detailed  description  pp.  47  and  48). 

Nicol  prisms  are  also  sometimes  made  of  different  shape :  thus* 
they  may  have  the  rhombic  vertical  edges  ground  off  until  the 
cross  section  is  a  square  whose  sides  are  parallel  to  the  diameters 
of  the  rhomb;  again,  they  are  sometimes  so  constructed  that  the 
extraordinary  ray  is  totally  reflected,  and  the  ordinary  ray  passes 
through.  A  given  microscope  may  even  have  its  two  nicols  of 
unlike  construction,  but  the  complete  plane  polarization  of  the 
transmitted  light  is  accomplished  in  all  cases. 

Every  petrographical  microscope  has  two  such  artificial 
prisms;  one  below  the  stage,  in  the  axis  of  the  microscope, 
called  the  Polarizer  and  one  above  the  objective,  called  the 
Analyser,  The  essential  quality  of  these  prisms  consists  in  their 
power  to  eliminate  the  ordinary  ray  which  vibrates  parallel  with 
the  lonp^er  diapj-onal  of  their  end  faces,  ?.nd  to  allow  the  passag;e 
of  the  extraordinary  ray  which  vibrates  with  the  shorter  diagonal. 
They  are  inserted  in  their  places  in  such  a  way  that  the  lower 
and   sometimes   the   upper   can   be   easily   rotated   horizontally 
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on  their  axes,  or  removed  entirely.  In  the  figure  of  the  Nachet 
microscope  {fvg.  54)  the  analyzer  is  outlined  in  the  position  which 
it  has  when  lifted  from  its  place  in  the  body  of  the  microscope. 

Absorption:  This  term  implies  that  some  part  of  a  beam  of 
light  is  lost  in  being  reflected  from  or  on  passing  through  any 
medium,  but  in  many  minerals  the  amount  thus  lost  is  so  slight 
as  to  be  imperceptible.  The  color  of  any  object,  whether  by 
transmitted  or  reflected  light,  is  due  to  the  combined  effect  of 
those  wave-lengths,  or  colors,  which  are  not  absorbed.  A  few 
minerals,  as  epidote,  show  different  colors,  {e.  g.,  yellow  and 
green)  in  common  light,  according  as  the  direction  of  the  light 
is  related  to  the  crystallographic  axes.  But  many  minerals  show 
this  character  distinctly  only  wath  polarized  light.  Thus,  horn- 
blende will  appear  green  if  polarized  light  vibrating  parallel  to 
Z  (approximately  its  elongation)  passes  through  it,  and  yel- 
lowish if  the  vibration  is  perpendicular  to  this  direction. 

The  term  absorption  strictly  is  applicable  to  the  amount  of 
light  absorbed,  irrespective  of  the  resultant  color. 

The  term  selective  absorption  or  pleochroism  is  applicable  to 
those  cases  in  which  any  mineral  in  polarized  light  presents 
different  colors,  depending  on  the  relation  of  its  axes  of  ether 
vibration  to  the  direction  of  vibration  of  the  transmitted  light. 

Selective  absorption,  therefore,  results  in: — 

Dichroism,  when  a  mineral  shows  two  colors  onlv. 

Trichroism,  when  it  shows  three  colors. 

Pleochroism,  is  a  general  name  including  both  the  preceding. 

An  Absorption  Formula  is  an  expression  of  these  different 
amounts  of  absorption  in  any  mineral;  thus  a>&  indicates  that 
absorption  is  greater  >vhen  the  ether  vibrations  of  the  polarized 
ray  are  parallel  to  the  crystallographic  axis  a  than  when  they 
are  parallel  to  b.  But  absorption  is  usually  stated  in  terms  of  the 
chief  optic  directions  instead  of  crystallographic  axes. 

A  Plcochroic  Formula  expresses,  in  a  similar  manner  the 
colors  that  a  mineral  presents  in  polarized  light  vibrating  parallel 
to  each  of  its  axes  of  ether  vibration. 
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CHAPTER  II. 

ELEMENTS  OF  MINERALOGY. 

It  is  unnecessary  and  impracticable  to  give  here  a  complete 
account  of  the  physical  and  crystallographic  characters  of  min- 
erals. It  is  intended  at  this  place  only  to  call  attention  concisely 
to  the  essential  characteristics  of  each  crystal  system,  not  includ- 
ing the  properties  that  can  be  illustrated  by  the  use  of  polarized 
light.  The  differences  which  these  systems  manifest  in  polarized 
light  are  given  in  the  following  chapter. 

This,  however,  in  order  to  be  intelligible  and  entire,  must  be 
founded  on  elementary  definitions  of  terms  and  accompanied 
by  some  necessary  fundamental  principles  of  crystallography. 
The  student  who  desires  further  knowledge  is  referred  to  the 
larger  works,  such  as  those  of  Dana,  Mallard,  Lewis,  Liebisch, 
Moses,  or  Story-Maskel)me. 

DEFINITIONS  AND  ELEMENTARY  PRINCIPLES. 

Certain  conventional  terms  and  symbols  illustrative  of  general 
principles  that  appertain  to  all  systems,  will  here  be  defined. 

Axes:  Figure  7  represents  the  normal  position  of  a  crystal 
as  discussed  in  mineralogy,  with  its  axes  a,  &,  c.  Such  crystal 
forms  may  be  rectangular  or  oblique,  and  the  axes  may  be  per- 
pendicular or  oblique  to  each  other  at  O.  It  is  obvious  that  there 
are  eight  portions  or  octants  which  are  symmetrically  placed 
about  O.  Unless  otherwise  indicated  that  octant  which  is  situ- 
ated in  the  upper  right-hand  corner  in  front  of  the  observer, 
is  the  one  to  which  mineralogical  definitions  refer.  It  is  the 
only  one  embraced  wholly  within  the  positive  arms  of  the  axes. 

The  angles  between  the  axes  a,  b,  c,  when  not  90°  are  denoted 
by  the  corresponding  letters  of  the  Greek  alphabet,  thus  a  Adhy 
y,  o  A  f  by  )8,r  A  ^  by  a. 

The  planes  in  which  any  two  of  the  axes  co-exist  are  called 
axial  planes. 

Parameters:  Although  crystals  are  not  generally  simple  and 
rcctanj2:ular,  as  represented  by  the  fundamental  figure   (fig.  7), 
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but  have  external  plane  surfaces  that  cut  the  axes  in  different 
directions  and  at  various  distances  (as  ABC),  yet  a  condensed 

T 


Fig.  7.    Axes  and  Octants. 

uniform  system  of  nomenclature  for  all  planes  has  been  adopted. 
It  is  obvious  that  any  surface  plane  of  a  crystal  may  be  shifted 
parallel  with  itself,  either  nearer  the  center  O  or  to  a  position 
further  removed  from  O,  and  that  it  v/ould  intercept  the  axes 
a,  b,  c  (or — a, — b, — c)  at  distances  from  O  which  would  have 
between  themselves  the  same  numerical  ratios.  The  same  is 
true  of  all  the  plane  surfaces.  That  is  to  say,  whatever  be  the 
size  of  any  crystal  the  intercepts  of  its  planes  on  its  axes  have 
the  same  ratios  as  its  homologous  planes  at  unit  distances.  Hence 
it  is  necessary  only  to  ascertain  and  express  these  ratios  in  order 
to  completely  define  the  fonn  of  a  crystal.  In  figure  7,  let  the 
plane  ABC,  be  supposed  to  intercept  the  axes  at  their  unit  lengths. 

Then  OA  :0B  :  OC. 

or 

a :  6 :  f ,  as  I :  I :  I 

in  which  the  figures  1,1,1,  are  the  parameters  of  the  plane  ABC. 
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li  A  is  at  the  center  of  the  line  HO,  and  L  at  the  center  of  the 
line  CO,  and  K  is  the  same  |)oint  as  B,  another  plane  HKL  can 
be  passed  through  these  points  whose  ratios  would  be  2a:i&:j4r. 
As  the  axes  are  always  expressed  in  the  same  order,  they  may  be 
omitted,  and  this  plane  may  be  written  2:1  1^2.  The  axis  b 
is  usually  taken  as  unity,  and  the  other  axes  are  expressed  in 
fractional  parts  or  in  multiples  of  it. 

Indices:  When  these  fractional  ratios  are  reduced  to  integers 
the  expression  is  simpler  still,  and  the  foregoing  becomes 
4  : 2  :  I,  or  simply  421.  The  expression  124  in  which  the  figures 
are  the  reciprocals  of  2,  i,  J/2,  reduced  to  integers,  indicates  the 
plane  HKL,  according  to  Miller*s  system  of  nomenclature,  and 
these  figures  aie  know^n  as  the  indices  of  that  plane. 

The  plane  at  the  extremity  of  the  axis  b  is  known  as  the  plane 

b  or  010.  That  at  the  negative  extremity  would  become  olo, 
in  which  the  figure  o,  in  each  case,  indicates  that  the  plane  con- 
sidered is  parallel  with  the  axes  a  and  c;  the  symbol  001  is 
Miller's  expression  for  the  plane  at  the  positive  extremity  of  the 
axis  c,  and  100  indicates  that  at  the  positive  extremity  of  the 
axis  a. 

In  order  to  define  a  crystal  plane  it  is,  hence,  necessary  to 
know  the  numerical  ratios  existing  between  its  intercepts  on  the 
axes  of  the  crystal  to  which  it  belongs.  Experience  has  shown 
that  all  the  ])lanes  of  any  crystal,  as  well  as  all  the  planes  of  all 
the  crystals  of  any  mineral,  can  be  expressed  cither  by  small 
multiples  of  unity,  or  by  these  combined  with  infinity  or  with  its 
reciprocal,  zero. 

Planes  of  Svm  metrv  :  If  a  crystal  can  be  divided  by  an  imagin- 
ary plane  into  two  parts  such  that  one  will  repeat  the  other  in  the 
manner  that  an  object  is  reproduced  when  in  front  of  a  mirror, 
such  plane  is  a  Plane  of  Symmetry.  Some  crystals  have  numer- 
ous planes  of  symmetr}%  and  some  have  none.  Axes  of  symmetry 
are  normal  to  planes  of  symmetry  and  about  them  a  crystal  may 
be  supposed  to  revolve,  bringing  the  crystal  into  identical  cr\'stal- 
logra])hic  ])ositions  two  or  more  times  in  a  complete  revolution. 
Such  axes  of  symmetry  are  usually  chosen  as  the  crystallographic 
axes,  and  they  arc  als()  often  the  axes  of  ether  vibration.* 

The  term  Crystal  Form  is  used  technically  to  include  all  the 

♦A  prin(li)al  phmt'  of  symmetry  is  one  obout  whose  normal  axis  th« 
cryst:il  ni.iy  ho  n'volvod  l«ss  than  180°  an^d  still  bring-  the  crystal  into  Ideiitl- 
cal  crystalloKniplilc  position.  Such  planes  only  exist  in  crystals  of  the 
isometric,    tetraj^onal    and    hexag-onat   .syst<'ms. 
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planes  of  a  crystal  which  may  be  derived  from  any  known  plane 
according  to  the  symmetry  of  the  class  and  system  to  which  it 
belongs.  Thus,  by  reference  to  figure  7.  if  the  plane  H  K  L  he 
known  to  belong  to  the  orthorhombic  system,  the  necessary  crys- 
tal form  would  require  the  presence  also  of  the  other  planes 
surrounding  the  point  O,  namely: 

fj  K  L    T!  R  L    H  R  L 
HKl     RkL    URL     HRL 
and  for  the  symbol  124  the  following  planes  are  required  to  com- 
plete the  form: 

124     T  2  4     '  ^  4 
12^    124     124     /?? 

If  the  form  belong  to  the  tetragonal  system  it  requires  16 
planes.  If  it  belong  to  the  isometric  (or  cubic)  system  it  has  48 
similar  planes;  if  to  the  triclinic,  it  has  only  two.  (See  further 
under  the  different  systems.) 

PiN.ACoiLis  are  forms  whose  planes  are  parallel  to  two  of  the 
crystal  I  ographic  axes.  Two  such  are  seen  in  the  tetragonal  form, 
jig-  S.  These  pinacoidal  faces  have  special  names  in  the  different 
crystal  I  ographic  systems.    A  single  pinacoid  cannot  inclose  space. 


—  ^   c 

'1 
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A  Prism  is  a  cryslal  form  whose  planes  are  parallel  to  the 
vertical  axis,  and  intersect  both  the  horizontal  axes,  as  figure  9. 
It  is  not  a  closed  form. 

DoMe,s  are  forms  resembling  prisms  but  in  transverse  position, 
having  their  planes  parallel  to  one  of  the  lateral  axes.  Figure  10 
represents  two  domes;  one  having  its  planes  parallel  to  a  and  the 
other  to  b,  which  are  not  closed  forms. 

It  is  evident  that  it  is  a  matter  of  arbitrary  choice,   so   far   as 
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outward  form  is  concerned,  whether  figure  9  represents  a  prism 
or  a  dome. 

Pyramids  are  forms  whose  planes  intercept  all  three  of  the 
crystallographic  axes, — figure  11.  These  are  closed  forms  except 
in  the  monoclinic  and  triclinic  systems. 


Pis.  11.     Prnmldi.  Fis.  12.    Cenenl  Flsora  ShoviocCiTiU]  Fonni. 

In  the  general  figure  (fig.  12)  the  sides  100,  010  and  oot  are 
pinacoidal  faces,  or  simply  pinacoids;  110  and  120  are  prismatic 
faces  or  prisms ;  loi  is  a  macrodome,  being  parallel  to  the  great- 
er of  the  lateral  axes;  on  and  021  are  brachydomes,  being  paral- 
lel to  the  shorter  lateral  axis,  and  III,  121  are  pyramidal  faces 
or  pyramids. 

Combinations.  When  any  of  the  above  crystal  forms  do  not 
enclose  space  they  unite  with  others  of  the  same  system  and 
grade  of  symmetry.  A  single  crystal,  therefore,  may  contain 
prisms  and  pyramids,  or  pinacoids  and  pyramids,  etc.  It  is  found 
that  in  Mature  such  combined  forms  have  common  axes  which  pos- 
sess the  same  axial  ratios  as  the  separate  forms.     Certain  forms 


Fig.  13.    Combinalian  of  Fig.  14.    Combiaation  of  Priin  of  Ihe 

Cube  and  OctahnlrDn,  Second  Order  and  Prninid. 

prevail  in  nature;  the  lateral  pinacoids,  for  instance,  being  devel- 
oped, as  in  some  feldspars,  at  the  expense  of  all  the  other  planes. 
In  other  minerals  the  prisms  sometimes  prevail,  giving  rise,  in 
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like  manner,  to  very  long  and  even  acicular  crystals,  or  fibres  as 
in  chrysotile. 

When  two  forms  combine,  whether  closed  or  open,  having 
axes  of  different  lengths,  their  faces  and  angles  mutually  inter- 
cept each  other,  as  in  figures  13  and  14.  If  the  axes  in  fig.  14, 
were  diagonal,  the  figure  would  show  a  combination  of  the  prism 
and  pyramid,  the  former,  however,  being  an  open  form. 

Fundamental  Form  is  that  form  which  is  assumed  as  the 
starting-point  in  the  development  of  any  crystallographic  system, 
and  to  it  are  referred  the  numerical  calculations  necessary  to 
compute  the  axial  ratios.  In  the  rectangular  crystallographic 
systems ;  viz :  the  isometric,  the  tetragonal,  the  hexagonal  and  the 
orthorhombic,  the  fundamental  form,  when  all  its  planes  are 
present,  is  a  solid  body ;  viz :  respectively,  the  octahedron,  the  te- 
ragonal  pyramid,  the  hexagonal  pyramid,  and  the  orthorhombic 
pyramid.  Their  pyramidal  planes  cut  all  the  axes  at  their  unit 
lengths,  except  in  the  hexagonal  system,  where  they  each  cut 
three  and  are  respectively  parallel  to  the  remaining  fourth  axis. 
Any  such  pyramidal  plane  could  be  chosen  to  construct  the  fun- 
damental forms  (p.  20).  In  the  monocHnic  and  tricHnic  systems 
a  pyramidal  face,  is  chosen  such  that  the  axes  a  and  c  may  be 
parallel  to  some  prominent  planes. 

Spherical  Projection  :  For  the  purposes  of  definition  and  cal- 
culation the  surfaces  and  the  angles  of  crystals  are  supposed  to 
be  transferred  to  the  surface  of  a  sphere,  as  in  figure  15.  The 
centre  of  this  sphere  is  at  the  point  at  which  the  crystallographic 
axes  meet.  Radii  are  drawn  perpendicular  to  the  several  planes 
of  the  cr\'stal.  The  points  at  which  these  radii  meet  the  surface 
of  the  sphere  are  called  the  poles  of  the  various  planes  of 
the  crystal.  It  is  customary .  to  consider  only  one  hemisphere 
which  should  be  that  in  which  occur  the  poles  of  those  planes 
most  useful  for  reference  and  most  commonly  met  with. 

In  fig.  15  the  poles  of  the  prismatic  faces  no  and  iTo  are  at 
D  and  E,  The  pole  of  the  pinacoid  100  is  at  A,  and  that  of  001 
is  at  C.  It  is  obvious  from  an  examination  of  fig.  15,  that  the 
arcs  on  the  circumference  of  the  sphere,  as  A  D,  measure  angles 
at  O  which  are  the  supplements  of  the  angles  included  between 
the  planes  of  the  crystal  of  which  A  and  D  are  the  poles. 

The  angles  between  the  radii  drawn  to  poles,  and  hence  the 
interfacial  angles  of  the  crystal  can  all  be  computed  by  the  meth- 
ods of  spherical  trigonometry.  Similar  projections  can  be  made 
from  any  crystal  form. 
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STEREOGRAPHIC  PROJECTION,  25 

Stereographic  Projection  :  If  the  hemisphere  of  spherical 
projection  be  subjected  to  a  second  projection  on  to  a  horizontal 
plane,  and  the  eye  be  placed  at  the  lower  end  of  the  diameter 
normal  to  this  plane,  the  great  circles  appear  either  as  arcs  of 
circles  or  as  straight  lines. 

If  the  orthorhombic  form  seen  in  figure  12  be  represented  in 
stereographic  projection,  it  would  appear  as  in  fig.  16.  In  this 
representation  the  upper  half  of  the  form  is  supposed  to  be  above 
the  eye  of  the  observer  who  looks  toward  the  zenith.  The  poles 
of  the  various  planes  thus  visible  would  be  as  represented,  the 
conventional  position  of  all  the  planes  and  their  symbols  being 
preserved. 

For  all  forms  with  rectangular  axes  the  pole  of  the  basal  plane 
will  be  at  the  center  of  the  horizontd  representation,  and  those  of 
the  pinacoids  will  be  at  the  extremities  of  the  principal  diameters. 

The  poles  of  pyramids  and  domes  are  within  their  respective 
great  circles,  according  to  their  axial  intercepts. 

Stereographic  projection  has  been  used  extensively  by  Michel 
Levy  to  represent  graphically  the  optical  characters  of  miner- 
als, especially  the  feldspars,  in  polarized  light. 

A  Zone  is  a  series  of  planes  parallel  to  the  same  line  though 
not  parallel  to  each  other.  It  is  a  term  derived  from  spherical 
projection.  All  the  vertical  planes  represented  in  figure  15,  for 
instance,  having  their  poles  in  the  same  great  circle,  constitute 
a  cone.  The  line  through  the  center  of  the  crystal,  to  which  tliey 
are  all  parallel,  is  the  cone-axis. 

THE  SIX  CRYSTALLOGRAPHIC  SYSTEMS. 

It  has  been  said  already  that  all  crystalline  substances  are 
divisible  into  classes,  isotropic  and  anisotropic.  In  the  isotropic 
class  are  the  substances  that  crystallize  in  the  cubic  or  isometric 
system.  In  the  anisotropic  class  are  the  crystals  of  the  other  dvc 
svstems. 

The  Isometric  System  :  The  crystals  of  this  system  play  but  a 
very  insignificant  part  in  practical  microscopic  petrography.  This 
is  because  they  are  very  rare  as  rock-forming  minerals,  and  also 
because  they  are  usually  identifiable  by  the  simplest  tests. 

The  axes  are  all  equal  and  at  right  angles,  hence  they  are  all 
expressed  by  unity,  and  any  one  of  them  may  be  taken  for  the 
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vertical  axis.  Three  principal  planes  of  symmetry*  define  the 
position  of  the  crystallographic  axes.  Six  secondary  planes  of 
symmetry  bisect  the  angles  between  the  principal  planes.  A  great 
variety  of  holohedral  and  hemihedral  forms  have  been  described, 
but  they  are  comparatively  unimportant  to  the  petrographer, 
Those  of  most  importance  microscopically  are  the  cube,  octa- 
hedron, dodecahedron,  and  trapezohedron. 

The  cube,  figure  17,  is  a  six-sided  solid,  each  of  whose  faces 
is  parallel  to  two  axes  and  cuts  the  other  one.    Sections  are  often 

squares.  The  octahedron  {^g.  18)  is  an 
eight-sided  solid,  each  of  whose  planes  cuts 
all  three  axes  at  equal  distances.  It  is  a 
double  equilateral  pyramid.  Sections  are 
often  rhombs.  The  dodecahedron  (fig.  19) 
is  a  twelve-faced  solid,  each  of  whose  planes 
is  parallel  to  one  axis  and  cuts  the  other 
two  at  equal  distances.  Sections  are  often 
hexagons.  The  trapezohedron  (fig.  20)  is  a  form  of  twenty-four 
similar  faces  each  of  which  cuts  one  axis  at  unit  length,  and  the 


Fiff.  17.    Cabe. 


Fig.  18.    Octahedron .         Fig.  19.    Rhombic  Dodecahedron.      Fig.  20.    Trapezohedron. 

Other  two  at  some  multiple  of  that  unit  length.  Each  face  is  a 
trapezium.  Sections  are  often  octagons.  This  form  is  so  com- 
mon in  leucite  that  it  is  sometimes  called  a  leucitohedron. 

The  Tetragonal  System  has  three  crystallographic  axes  at 
right  angles  to  each  other.  The  two  lateral  axes  are  equal,  and 
the  vertical  axis  is  either  longer  or  shorter. 

It  has  one  principal  plane  of  symmetry,  parallel  to  the  base, 
and  four  secondary  planes  which  are  perpendicular  to  the  base 
and  stand  at  angles  of  43°  with  each  other,  two  of  which  contain 
the  lateral  axes. 


♦  The  symmetry-  doscrn>od  throughout  this  chapt-er  is  that  of  the  normal 
grroup  of  each  system;  that  is,  the  highest  grade  of  symmetry  found  In  the 
system. 
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The  vertical  axis  c  is  obtained  from  the  equation 

tan  ooiAioi  =  c,  for  a  dome, 
or  tan  ooiAiii.  J^v/2"=  ^»  ^^^  ^  pyramid, 

which  are  easily  understood  from  an  examination  of  figures  12 
and  16.*    The  axial  ratio  (p.  20),  or  the  ratio  existing  between 


Fig.  22.    Fundamental  Form  of  the  Tetragonal  System. 

the  unit  lengths  of  the  two  unequal  axes  a  (or  b)  and  c  is  an 
important  element,  since  it  is  the  fundamental  expression  for 
the  inclination  of  the  planes  of  the  crystal  on  its  axes.     It  is  a 

C  *Thus:  Let  the  angle  A  0  C  he 

the  right  angle  at  the  centre  of  the 
crystal  formed  by  the  intersection  of 
the  axeS  a  and  c.  Let  if  -D  be  a 
dome  face,  loi,  tangent  on  the  spher- 
ical projection  at  F.  The  angle  D  E 
O  is  the  supplement  of  the  angle  001 
A  loi.  If  a  be  represented  by  E  O 
c  will  be  D  O.  Form  a  circle  with 
E  as  centre  and  £  0  as  radius,  then 
will  D  O'  (or  c)  be  its  tangent. 
Hence  c  =  tan  001  a  ioi. 


Fig.  21. 


£  A 

Value  of  the  Vertical  Axis. 
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other,  and  mutually  intersect  in  the  vertical  axis ;  and  no  princi- 
pal plane  of  symmetry. 

The  lateral  axes  for  both  divisions  are  represented  by  a„  a,,  Oj, 
as  in  figure  27,  and  the  vertical  axis  by  c. 

The  Fundamental  Form  is  a  hexagonal  pyramid,  bounded 
by  planes  which  intersect  the  vertical  and  two  contiguous  lateral 
axes  at  their  unit  lengths  and  are  parallel  respectively  to  the 
other  lateral  axes.  It  has  twelve  sides  whose  indices  are  as  fol- 
lows: 

loTi,  oiTi.  Tioi,  Ion,  oTii,  iToi 
lOli,  oill,  ilol,  loll,  olrl.  iToI 
For  this  system  the  tangent  principle  is  expressed  by 

tan  0001AI122  =  c,  obtained  from  the  unit  diagonal 
pyramid;  or 

tanooorAioii  X  i4\T=  c,  obtained  from  the  unit 
pyramid. 
For  a  hexagonal  pyramid  (figure  27) 

tan  j4  loll  A  oil  I  =  sin  c  >J^ 
For  computing  the  axial  ratio  any  hexagonal  pyramid  may  be 
chosen,  since  in  all  forms  of  the  same  substance  the  ratios  of  the 
axial  intercepts  are  the  same. 

The  value  of  the  axis  c  in  terms  of  a  is  expressed  by, 
c  =  tan  (angle)  *,■  tan  ^  =  tan  5  ^^ 

or 
sin  b  =  cot  Asji,    (fig.  27) 
where  B  is  one-half  the  basal  edge  of  the  pyramid  and  A  is  one- 
half  of  its  polar  edge.  (Williams). 

The  process  is  analogous  to  that  of  the  tetragonal  system.     It 
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CombiMtioBi  of  Heiaconil  Pri.m  and  Pyramidi,  Pri.m,  But  and  PrrtBiidt. 
Apalilt.  Beijl. 

is  only  necessary  to  note  that  the  side  a  of  the  spherical  triangle 
is  60°  instead  of  45°. 
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The  important  forms  of  the  hexagonal  division  are  the  base 
and  the  hexagonal  prisms  and  pyramids.  They  commonly 
occur  in  various  combinations,  as  shown,  for  example,  in  figures 
28,  29,  and  30.  The  first  two  show  forms  assumed  by  apatite, 
while  the  last  is  seen  in  beryl.  In  the  rhombohedral  division, 
the  common  crystals  are  strikingly  different  from  the  preceding. 
They  are  illustrated  by  figures  31,  32,  33,  34,  35,  and  36.  The 
characteristic  forms  here  are  the  rhombohedron  and  the  scaleno- 


FiB.  31. 
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hcdron.  The  former,  figures  31  and  32,  is  a  six-sided  solid,  each 
of  whose  faces  is  a  rhomb.  It  has  six  like  lateral  edges  forming 
a  zigzag  line  around  the  crystal,  and  six  like  terminal  edges, 
three  above  and  three  below.  It  may  be  derived  from  the  double 
hexagonal  pyramid  by  extending  alternate  faces  until  those  be- 
tween disappear,  therefore  any  face  of  the  rhombohedron  has  the 
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Combinitioii  of  Pium  and 
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same  relation  to  the  axes  as  any  face  of  the  hexagonal  pyramid ; 
that  is.  it  cuts  two  lateral  axes  at  equal  distances  and  is  parallel 
to  the  third;  it  also  cuts  the  vertical  axis.  The  scalenohcdron, 
figure  31,  is  a  twelve-sided  solid  each  of  whose  faces  is  a  scalene 
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triangle.  Its  lateral  edges  form  a  zigzag  around  the  crystal  like 
that  around  the  rhombohedron,  but  the  terminal  edges  are  not 
all  alike — alternate  terminal  edges  are  alike,  but  unlike  those 
between.  It  may  be  derived  from  the  double  dihexagonal  pyra- 
mid by  extending  alternate  faces  to  obliterate  those  between. 
The  forms  shown  in  figures  31,  32,  33,  34,  and  35.  are  found  in 
calcite;  figure  36  is  a  crystal  habit  assumed  by  quartz,  which  is 
characterized  by  the  faces  of  a  trigonal  trapezohedron.  This 
leads  to  a  lower  grade  of  symmetry  than  that  of  calcite.  This 
trapezohedron  may  be  derived  by  extending  the  alternate  faces 
of  a  scalenohedron  until  those  between  disa])|)ear.  l\ach  face, 
therefore,  has  the  same  relations  to  the  axes  as  each  face  of  the 
scalenohedron  (and  also  the  double  dihexagonal  pyramid)  ;  that 
is,  it  cuts  all  three  lateral  axes  in  such  a  way  as  to  have  a  ratio 
on  any  two  adjacent  between  i  :i  and  i  :2 ;  it  also  cuts  the  vertical 
axis.  The  trigonal  trapezohedron  is  not  known  to  occur  alone, 
although  it  is  a  closed  form. 

Thk  Orthorhombic  System  has  no  principal  plane  of  syni- 
metr}',  but  three  secondary  planes. 

There  are  three  unequal  axes,  at  right  angles  to  each  other, 
lying  in  the  secondary  planes  of  symmetry.     Figures  37  and  38 
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Fig.  37. 
Axes  in  the  Orthorhombic  System,  Pyramidal  Form. 


FiK.  38. 
Simple  Orthorhombic  Form. 


illustrate  the  positions  of  the  axes  and  their  nomenclature.  The  axis 
h  is  the  greater  of  the  lateral  axes,  as  is  indicated  by  a  horizontal 
line  (macron)  above  it;  a  is  the  shorter,  marked  by  a  correspond- 
ing symbol  (breve),  and  c,  the  vertical  axis,  i.s  desij^nated  l)y 
a  perpendicular  line  above  it.  They  are  plus  or  minus  as  in  llie 
tetraqfonal  svstcm,  h  is  known  as  the  macrodiatronal  axis  nnd  in 
calculating  the  axial  ratio  is  taken  as  unity  and  a  as  the  l)rac!iy- 
diagonal.     The   pinacoidal   sides  to   which   they   arc    res{)cctively 


ORTHORHOMBIC  SYSTEM. 


parallel    are   hence    named    macropinacoid   and    brachypinacoid. 
There  being  three  axial  values,  there  are  two  axial  ratios. 


From  the  spherical  triangle  ab  c  (see  fig.  37) 

Cos  angle  a  =  -; — B~7''  *S-  ^^S^^  a  —  a 


Cos  angle  b 


cos  ^  Z 

"  sin  J^  Y' 


tg.  angle  d  —  c 


These  values  may  be  computed  from  the  angles  measured,  by 
the  use  of  spherical  triangles,  on  the  stereographic  projection,  and 
by  the  aid  of  the  tangent  principle. 

The  axes  are  related  to  the  angles  as  expressed  by  the  fol- 
lowing equations: 

tan  (looAilo)  =  a, 
tan  (ooiAOii)  ="  c  and 

tan    (ooiAloi)  =  — . 

To  place  the  orthorhombic  crystal  in  conventional  position  any 
axis  is  made  vertical  and  the  longer  lateral  axis  is  turned  so  as 
to  extend  right  and  left. 

The  important  forms  of  this  system  include  the  three  pinacoids 
(basal,  macro- and  brachy-),  already  defined,  and  the  prisms,  pyra- 
mids and  domes.  The  unit  prism  is  the  form  each  of  whose  four 
faces  is  parallel  to  the  vertical  axis  and  cuts  the  lateral  axes  at 
unit  distances  on  those  axes.  Each  face  of  a  macroprism  cuts  the 
macroaxis  (b)  at  a  multiple  of  unit  distance,  while  the  faces  of 
a  brachyprism  cut  the  brachyaxis  at  a  multiple  of  unit  distance. 
The  pyramids  are  similarly  classified  as  unit  pyramids,  macro- 
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pyrami3s  and  brachypyramids.  The  macrodome  is  parallel  to  the 
macroaxis  and  cuts  the  other  two  axes:  the  brachydome  is  paral- 
lel to  the  brachyaxis  and  cuts  the  other  two. 
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TluvHC  furins  nearly  always  occur  in  combinations.  Thus,  figure 
JO  j*lu)\v.H  a  C()nil)ination  of  the  macropinacoid  loo,  brachypina- 
coi<l  OK),  unit  prism  no,  brachyprism  120,  unit  pyramid  in, 
hrachypyrnund  232,  two  macropyramids  212  and  211  and  the 
braohydomc  014,  as  found  in  hypersthene.  Figure  40  is  a  com- 
hiuuti<»n  occurring  in  olivine;  figure  41  illustrates  a  habit  of 
ci>rdicritc,  and  tiglircs  42  and  43  are  drawings  of  crystals  of 
Imritr. 


Rig.  42. 
Ktirm  of  Barite. 


Fis.43. 
Fonn  of  Barite. 


I  nil  MoNocMNic  System  has  one  secondary  plane  of  sym- 
huliv  .  vi/,  ihal  which  includes  the  vertical  axis  c  and  the  clino- 
»llftU«"»'»l  ^»^''*  '*•  'ts  three  axes  are  unequal,  and  b  is  perpendicular 
III  ihr  nlhrrn,  and  hence  to  the  plane  of  symmetry.  That  face 
v^  I  ill  1 1  U  parallrl  to  the  inclined  axis  a  and  the  vertical  axis  is  the 
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Fig.  44. 

Pinacoids  and  Axes  of  the 

Monoclinic  System. 

ilhi///finacoid,  the  axis  a  being  the  clinodiagonal.  Similarly  the 
ffftln/fniiacoid  is  parallel  to  the  orthodiagonal  axis  b  and  to  the 
'/rMjral  axis.  See  figure  44  in  which  these  parts  and  relations 
,H«  illustrated.  In  stating  the  axial  ratio  b  is  taken  as  unity.  The 
ithi(W  between  a  and  c  is  expressed  by  ^. 
I'or  the  axial  ratio: 

tan  100  A  1 10  tan  001  a  on 


a   - 


c   = 


sin  /5 


sm  /^ 

c    _   sm  001  A  loi 
a   "    sin  100  A  101 

'I  o  |)la('c  a  monoclinic  crystal  in  conventional  position  the  axis 
yjjirji  is  jHTpcndiciilar  to  the  plane  of  the  other  two  must  be 
iuA'\r  to  cxtrnd  rij^^ht  and  left;  of  the  other  two  the  shorter  is 
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usually  the  axis  a,  and  is  placed  so  as  to  extend  downward  to  the 
front,  while  the  other  axis  is  vertical. 

The  important  forms  of  the  system  resemble  those  of  the  ortho- 
rhombic  system,  but  the  system  has  less  symmetry  than  the  latter 
and  therefore  some  forms  are  made  up  of  a  smaller  number  of 
faces.     Further,  the  macro-  forms  of  the  orthorhombic  system 
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correspond  to  ortho-  forms  in  the  monoclinic  system,  and  brachy- 
forms  correspond  to  clino-.  Thus,  the  orthodome  consists  of  only 
two  faces,  both  parallel  to  the  orthoaxis  and  cutting  the  other  two. 
The  pyramid  has  only  four  faces  and  consists  of  two  pairs  of 
parallel  planes;  it  is  not  a  closed  form.  Figure  45  shows  a 
crystal  of  augite,  the  forms  present  being  the  orthopinacoid 
100,  clinopinacoid  010,  unit  prism  no,  and  unit  pyramid  Tii. 
iMgure  46  illustrates  a  habit  of  orthoclase  with  the  base  001  and 
the  clinopinacoid  010  combined   with  the   unit  prism    no,   the 
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clinoprism  130,  the  unit  pyramid  In,  and  the  orthodome  3or, 
Figure  47  is  a  common  habit  of  epidote ;  its  forms  are  the  base 
001,  orthopinacoid  100,  orthodome  Toi,  and  unit  pyramid  Tu. 
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The  Tbiclinic  System  has  no  plane  of  symmetni-.  .Ml  its 
forniK,  in  the  technical  sense  of  that  term,  consist  o{  only  two 
fiarallt-l  i)lancs,  which  necessarily  can  occur  only  in  combinatioo 
with  ether  forms.  Its  three  axes  are  all  unequal  and  oblique  to  each 
(itliiT  at  their  [xiint  of  intersection.  They  are  lettered  a,  the  brack- 
ydiisnonal,  b  the  macrodiagonal  and  c,  the  vertical.  The  brachy- 
pinucoid  '\%  )iarnltt'l  lo  c  an<I  a,  and  the  macrodiagonal  is  parallel 
1(1  f  mill  b.  See  fif^ire  48  for  an  illustration  of  the  conventional 
]N>«iti<>n  of  lh{-!<e  axes,  and  li^re  49  for  a  simple  triclinic  form  in 
wtlii'h  till-  tiiily  element  of  symmetrj-  is  the  point  at  the  centre, 

III  the  use  of  .spherical  projection  it  has  to  be  noted  that  the 
kphriical  iiiiK'ts  "f  iho  triangle  100,  010,  001,  are  the  supplements 
III  llif  iixjiil  imj;los :  vi/. ;  The  angle  at  100  =  180° —  a :  that  at  010 
iMii'  fi\  anil  that  at  001  =  180° — y.  They  can  be  computed 
liMiti  ihr  ^iiitrli'H  [OOAOOi,  loOAOio  and  ooiAoio  of  the  same 
hi.iiiiih- 

1  111-  axial  ratios  are  expressed  thus,  b  being  unit)': 
c   _   sin  001  A  icx) 
b         sin  100  A  010 


1    !00  / 


II  I 


I,         Sin  100  A  110 
I  \A.iif  a  Iriclinic  crystal  in  conventional  position  any  axis 
-iilr  lilt;  viriical;  of  the  other  two  the  longer  is  usually  the 
h  Hliidi  must  extend  right  and  left  and  incline  downward 
I   ll^^lll :  at  the  same  time  the  axis  a  must  incline  downward 


named  like  those  of 


fiikm.At  Albitc.  Rhodonite. 

I'.rh'iitibic  system,  hut  in  this  case  the  lack  of  planes  and 

■■.i,:i,i-\Ty  reduces  the  number  of  faces  in  any  form  to 

..'!i  .-.r-  liKvays  opiKisite  and  parallel.     Figure  50  repre- 
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sents  a  crystal  of,axinite  which  shows  the  two  unit  prisms  no 
and  I  To,  macropinacoid  100,  macrodome  201,  and  two  unit 
pyramids  in  and  iTi.  Figure  51  is  a  combination  of  the  base 
oof,  brachypinacoid  010,  two  unit  prisms  no  and  ilo.  unit 
pyramid  111,  and  macropyramid  2ii,  occuring  in  albite.  Figure 
52  is  another  ilUistration  of  triclinic  crystals;  it  is  a  habit  of 
rhodonite. 

Minerals  of  the  monoclinic  system,  and  also  more  especially, 
those  of  the  triclinic  system,  possess  the  highest  interest  and  im- 
portance in  microscopic  petrography.  This  is  because  of  their 
great  preponderance  in  the  constitution  of  the  crystalline  rocks, 
and  the  great  variety  of  aspects  which  they  present  in  polarized 
light.  These  facts  have  led  to  the  discovery  of  delicate  methods 
of  examination,  and  to  the  multiplication  of  accurate  instruments. 

IMPORTANT  PHYSICAL  CHARACTERS   OF  MINERALS. 

Tivinning  is  a  very  common  phenomenon  in  minerals  exam- 
ined microscopically.  In  general,  a  twinned  crystal  has  one  of 
its  halves  in  reverse  position  with  respect  to  the.  other,  having 
been  turned,  as  it  were,  180"  out  of  its  normal  position,  about  an 
assumed  axis,  or  twinnmg  axis.  The  composition  face  of  the 
two  parts  is  usually  the  twinning  plane,  but  it  may  be  some  other 
plane.  The  fine  lines,  or  striations,  seen  on  the  triclinic  feld- 
spars, are  produced  by  polysynthetic  twinning.  (See  further,  on 
twinning,  under  Application  of  Polarized  Light,  Chapter  III). 

Cleavage  is  the  tendency  of  minerals  to  separate  naturally 
along  planes  parallel  to  some  natural  or  possible  crystal  faces, 
producing  more  or  less  smooth  surfaces.  This  tendency  usually 
exists  in  more  than  one  direction,  and  is  more  marked  in  some 
directions  than  in  others.  After  polarization  of  light  it  is  to  the 
petrographcr  one  of  the  most  important  of  the  physical  charac- 
ters of  minerals,  as  it  frequently  furnishes  the  only  means  by 
Avhich  the  directions  of  faces  and  axes  can  be  known.  It  should 
be  distinguished  carefully  from 

Parting,  which  is  generally  a  secondary  feature  superinduced 
on  minerals  by  pressure  or  incipient  decay,  or  by  twinning,  and 
in  which  the  laminae  are  generally  coarser  and  more  irregular 
than  in  genuine  cleavage.  In  parting  the  laminae  may  be  a  milli- 
metre or  more  in  thickness;  in  cleavage  usually  less  than  a 
twentieth. of  a  millimetre. 
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Specific  Gravity  is  the  relative  weight  of  a  mineral  com- 
pared to  water,  and  is  used  not  only  for  the  identification  of  a 
mineral,  but  also  for  the  separation  of  minerals  of  any  desired 
specific  gravity  from  a  mixed  powder.  Several  liquids  are  known 
heavier  than  the  common  rock-forming  minerals.  When  the 
powder  floats  the  liquid  is  diluted  gradually  by  a  lighter  liquid. 

Thoulet's  Solution.*  Potassium-mercuric  iodide;  sp.  gr. 
commonly  3.01 — 3.1;  max.  density,  3.196;  KI:  Hg  L=^i:  1.24; 
color  yellowish-green,  becoming  reddish  from  separation  of  io- 
dine; dilution  by  water;  density  changes  slowly  by  exposure  to 
air  through  absorption  of  water. 

So  long  as  the  proportion  of  the  two  salts  KI  and  H^  I^  re- 
mains the  same,  water  may  be  added  even  to  reduce  the  specific 
gravity  to  i.o,  and  by  evaporation  on  a  water-bath  the  highest 
specific  gravity  may  be  restored.  If  by  use  or  otherwise  the  pro- 
portion between  the  salts  become  changed,  with  an  excess  of 
Hg  1 2  a  yellow  hydrous  double-salt  in  acicular  crystals  is  observ- 
able; with  excess  of  KI  this  substance  appears  in  cubes.  The 
green  color  may  be  restored,  as  well  as  the  original  composition, 
by  adding  metallic  mercury  during  a  slow  evaporation  on  the 
water-bath.  Metallic  iron  decomposes  this  liquid,  which  is  very 
corrosive  and  deadly. 

Klein^s  Solution.  Cadmium  borotungstate  -{-water;  sp.gr. 
3.36 ;  max.  density  3.365 ;  color,  light  yellow :  dilution  by  water, 
spoiled  bv  contact  with  zinc,  iron,  lead  or  with  carbonates. 

At  high  specific  gravity  this  liquid  is  so  oily  that  it  cannot  be 
used.     It  is  poisonous  but  less  corrosive  than  Thoulet's  solution. 

Braun's  Solution.  Methylene  iodide,  CH^  h:  sp.  gr.,  (at 
16°  C.)  3.3243,  varying  about  0.0022  for  each  degree  (C)  of 
change  of  temperature ;  color  yellow,  becoming  reddish ;  dilution 
by  benzole  or  ether:  spoiled  by  water  or  alcohol;  not  injured  b> 
contact  with  metallic  substances :  after  dilution  mav  be  reconcen- 
trated  by  evaporation:  does  not  decompose  on  exposure  to  air. 
its  yellow  color  may  be  restored  by  shaking  it  up  in  a  bottle  in 
which  is  a  little  metallic  mercury. 

Braun's  solution  is  the  most  generally  useful,  owing  to  the 
stability  of  its  composition,  its  mobility  and  its  high  index  of 
refraction  f  1.74002  at  16°  C.)  which  renders  it  useful  for  deter- 
mining indices  of  refraction  bv  total  reflection.     It  is  also  useful 


•  Also  known   as   Sonstadt's   .solution,    from   E.      Sonstadt   who  first   used 
It   extensively. 


WESTPHAL  BALANCE.  39 

as  an  immersion  liquid  on  the  objective  of  the  microscope,  and 
over  the  condenser  below  the  stage. 

The  Westphal  Balance.  This  instrument  is  indispensable. 
It  is  represented  by  figure  53.  Its  purpose,  as  generally  used, 
is  to  ascertain  the  specific  gravity  of  a  liquid  in  which  have  been 


:m 


4=? 


Fi«.S3-     W«tDh*t  B«Uii«. 

placed  one  or  more  mineral  grains  the  density  of  which  is  the 
same  as  that  of  the  liquid,  and  which,  therefore,  swim  at  random 
in  the  body  of  the  liquid.  The  liquid  is  brought  to  the  density  of 
the  mineral  fragments  by  successive  small  additions  of  the 
concentrated  liquid  or  of  benzjale,  or  ether  (if  the  liquid  be 
methylene  iodide)  according  as  it  is  already  too  light  or  too 
heavy.  When  the  fragments  are  correctly  adjusted  to  the  liquid 
the  specific  gravity  of  the  liquid  is  ascertained  by  causing  the 
index  of  the  bar  to  stand  at  the  zero  point  of  the  scale.  This 
is  done  by  hanging  the  small  weights  which  accompany  the 
mstniment  on  the  long  arm  of  the  bar  after  the  sinker  is 
immersed  in  the  liquid  and  hung  from  the  hook  at  the  longer 
end  of  the  bar.  Tnese  weights  are  so  graduated  that  they 
severally  indicate,   after  the  bar   is   balanced,   the   integer   and 
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decimal  fig^ures  of  the  number  ■  expressing  the  specific  gravity. 
l*or  example,  the  largest  weights,  when  suspended  from  the  hook 
on  which  the  sinker  is  hung,  each  indicates  one  unit;  when  two 
mich  arc  necessary  the  integer  of  the  specific  gravity  is  2.*  The 
natnc  rider,  if  put  on  the  bar  at  the  figure  6,  gives  the  tenths 
fltfuro  ot  tlic  decimal,  and  the  next  smaller  rider,  if  placed  half- 
Wtty  lictwren  i  and  2  on  the  bar,  indicates  .oiyi  or  .015.  The 
^nmllriit  rider  when  used  is  to  be  read  in  thousandths.  These 
AljUiTM,  when  combined  in  succession,  give  2.615  ^^  the  specific 
Iffftvily  i>f  the  liquid,  and  hence  that  also  of  the  properly  adjusted 
inhuTHl  fragments. 


•  '/  J(M  u'llK'litH  ar<'  not  In  all  cases  made  to  differ  as  above,  but  a  single 
huun  w«  iK-ht  iiwiy  conUiln  the  same  as  two  or  throe  of  the  large  ones,  and 
vkr'/wM  (»M  »<foi-.-  Indhat*'  the  Integer  2  or  3;  and  other  Integer  weights  are 
it. I  II   lo  \n^  iiHi'd  MM  riders.  Indicating  tenths. 


CHAPTER  III. 

APPLICATION    OF    POLARIZED    LIGHT    TO    CRYS- 
TALLINE SUBSTANCES. 

The  substances  with  which  microscopic  petrography  has  to  do  are 
divisible;  first,  as  already  stated,  into  isotropic  and  anisotropic. 
The  anisotropic  are  again  to  be  divided  into  uniaxial  and  biaxial, 
thus -.Uniaxial  Minerals  include  those  of  the  tetragonal  and  hexa- 
gonal systems,  having  one  optic  axis  (p.  26). 

Biaxial  Minerals,  include  those  of  the  orthorhombic,  monoclinic 
and  triclinic  systems,  having  two  optic  axes  (p.  32). 

It  is  necessar>^  to  ascertain  the  peculiarities  of  the  minerals  of 
each  of  the  crystallographic  systems  as  they  are  manifested  In 
polarized  light.  For  this  it  will  be  well  that  the  beginner  now 
take  note  of  the  instrument  which  is  known  as  the 

Polarizing  Microscope^  illustrated  by  figure  54.  It  is  that 
of  Nachet,  Paris.  In  addition  to  the  parts  usual  to  a  common 
microscope,  this  instrument  has  the  following: 

I.  Two  nicol  prisms,  A  and  T,  as  already  stated,  (p.  15). 
For  some  special  examinations  a  third  nicol  capable  of  horizontal 
rotation  is  mounted  separately,  to  be  placed  over  the  ocular. 
The  nicol  A  in  this  microscope  is  not  revolvable,  but  is  lifted 
easily  from  its  place  when  not  wanted  (A').  The  polarizer 
(nicol  7),  is  revolvable  on  its  axis.  In  ordinary  work  it  stands 
constantly  with  its  principal  section  (t.  e.  its  shorter  diameter) 
at  right  angles  with  the  principal  section  of  the  upper  nicol. 
This  position  should  be  such  that  when  thus  crossed  the  princi- 
pal sections  of  the  nicols  stand  true  with  the  microscope;  one 
nicol  (analyzer)  being  right  and  left,  and  the  other  (the  polar- 
izer) front  and  rear.  The  lower  nicol  can  also  be  raised  and 
lowered  readily  without  disturbing  its  centering,  and  can  be 
swung  away  entirely,  on  a  hinge  (7^).  When  a  thin'  section  is 
examined  over  the  lower  nicol,  or  between  the  two  nicols  without 
the  convergent  lens  described  below,  it  is  said  to  be  done  in 
parallel  polarised  light. 
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2.    Lfiis  for  convergent  polarized  light.    When  the  examina- 
tion   requires    convergent   polarised   light,    the    lower   nicol    is 


Fig.  54.    Pol«riimgMicro«Di«o(NachM, 

covered  with  one  or  more  powerful  convergent  lenses,  which  are 
supported  on  a  special  brass  casting  and  can  be  readily  thrown 


supported  on  a  special  brass  casting  and  can  be  icdu 

■  ■  -"AS  of  the  microscope  when  not  in  use.    By  means 


out  from  tlie 
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of  the  ratchet  (C)  both  the  convergent  lens  and  the  lower  nicol 
can  be  lowered  or  raised  till  the  upper  surface  of  the  lens  is 


Fig.  H«.    The  Fuej.  Miaoanipr, 

nearly  or  quite  in  contact  with  the  glass  slide  holding  the  thin 
section  under  examination. 

3.     Rotation  of  the  stage.     The  stage  rotates  about  the  axis 
of  the  microscope,  carrying  with   it  also  the  objective.     Thus 
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the  centering  of  the  object,  under  examination,  is  not  disturbed ; 
and  it  can  be  brought  accurately  into  any  angular  position  with 
respect  to  the  vibrations  of  light  in  the  nicol  prisms,  (see  p.  47). 
The  rim  of  the  rotating  stage  has  a  scale,  and  a  vernier,  by  which 
the  amount  of  rotation  can  be  accurately  determined. 

4.  Cross  hairs  are  placed  in  the  ocular^  one  running  right 
and  left  and  the  other  front  and  rear,  precisely  at  right  angles, 
and  in  agreement  with  the  principal  sections  of  the  nicols  when 
crossed. 

The  objectives  used  for  the  most  work  are  Nos.  3  and  7 ;  the 
former  for  searching  out  an  object  and  for  making  the  prelim- 
inary examination,  and  the  latter  for  convergent  light  and  high 
jK)wer. 

The  foregoing  are  the  essential  parts  of  the  petrographical 
microscope,  so  far  as  it  differs  from  a  common  microscope.  For 
the  purpose  of  accurate  reading  or  registration  of  the  phenomena, 
or  for  special  methods  of/ operation,  other  appliances  have  been 
devised.  These  appertain  principally  to  the  use  of  convergfent 
polarized  light.  They  are  explained  and  illustrated  in  the  fol- 
lowing pages  in  connection  with  the  application  of  polarized 
light  to  the  minerals  of  the  different  crystallog^aphic  systems. 

In  use,  the  stage  of  the  microscope  is  supposed  to  be  divided 
into  quadrants  N  E.,  S  W.,  and  NW.,  S  E.,  in  the  manner  of  a 
geographical  map. 

As  a  representative  of  other  microscopes  adapted  for  accurate 
work  in  optical  mineralogy  that  of  Fuess  is  illustrated  on  page  43. 

That  of  Leiss  is  preferred  especially  for  students'  use.  The 
American  microscope  of  Bausch  and  Lomb  is  also  adapted  to 
students'  use. 

Laboratory  ' illustrations :  The  student  should  study  the  petrographical 
microscope,  becoming  familiar  with  the  characteristic  parts  and  its  appli- 
ances; the  lov/er  nicol,  the  upper  nicol,  objectives,  oculars*  with  cross- 
hairs and  with  microme'cer,  the  condenser,  the  fine  «idjustment.  EXeter- 
mine  the  amount  which  one  revolution  of  the  fine  adjus'tment  screw 
raises  the  objective.  Measure  the  "thickness  of  a  piece  of  glass  by  focus- 
ing carefully  on  the  lower  edge  and  then  on  the  upper  edge.  Measure 
the  same  with  the  eye-piece  microme'cer.  For  this  purpose  a  fragment 
may  be  set  on  edge  slightly  imbedded  in  wax  or  paraffin. 

THE  ISOMETRIC  SYSTEM  AND  POLARIZED  LIGHT. 

Perhaps  the  most  important  of  the  minerals  of  the  isometric 
system  which  appear  as  constituents  of  rocks,  are  magnetite  and 
pyrite,  and  these  are  opaque,  and  hence  must  be  examined  in 
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Other  ways  than  by  polarized  light.  Others,  such  as  garnet, 
spinel,  fluorite,  leucite,  sodalite  are  transparent,  but  not  of  fre- 
quent occurrence. 

As  has  been  stated,  they  are  isotropic,  i.e.,  they  are  dark  in 
thin  section,  between  crossed  nicols,  and  remain  dark  during  an 
entire  rotation  of'  the  stage  carrying  them  into  every  angular 
position  with  respect  to  the  vibrations  transmitted  from,  the 
lower  nicol.  This  is  true  in  whatever  direction  the  thin  section 
may  be  cut.  They  have  no  interference  figure  (p.  50)  in  con- 
vergent light,  and  no  interference  colors  in  parallel  polarized 
light.* 

Other  isotropic  substances  can  be  distinguished  from  those  of 
the  isometric  system  by  their  forms  or  by  the  absence  of  cleavage 
traces. 

An  anisotropic  crystal  cut  perpendicular  to  an  optic  axis  (p.  46) 
mig^t  be  mistaken  for  an  isotropic  crystal.  Care  must  be  taken, 
therefore,  should  there  be  any  doubt,  to  make  a  trial  for  the  in- 
terference figure  (p.  50)  in  convergent  light. 

Laboratory  illustrations.  The  student  may  examine  thin  sections  of 
garnet,  fluorite  or  leucite.  The  most  common- rock-forming  minerals  of 
the  isomctTic  system  are  magnetite  and  pyrite,  which  being  opaque,  can 
be  examined  microscopically  only  by  light  reflected  from  their  upper  sur- 
faces. 

UNIAXIAL    MINERALS. 

THE  TETRAGONAL  SYSTEM  AND  POLARIZED  LIGHT. 

This  system  includes  the  first  section  of  uniaxial  minerals,  of 
which  the  hexagfonal  system  constitutes  the  other  section.  They 
are  called  uniaxial  because,  although  they  are  doubly  refracting 
(p.  15)  such  minerals  have  one  direction  in  which,  when  viewed 
in  thin  sections  between  crossed  nicols,  they  appear  as  isotropic 
substances.  This  direction  is  called  the  optic  axis,  or  the  princi- 
pal axis,  sometimes  the  primary  axis. 

THE  HEXAGONAL  SYSTEM  AND  POLARIZED  LIGHT. 

Minerals  of  the  hexagonal  system  have  the  same  phenomena 
in  polarized  light  as  those  of  the  tetragonal  system,  and  must 


*  Some  cryBtate  in  the  loometrdc  system  when  under  strain  are  not  Iso- 
tropic. 
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be  distinguished  from  them  by  their  cleavage  or  other  physical 
characters.  Of  the  uniaxial  minerals  the  hexagonal  are  more 
numerous  and  important  than  the  tetragonal. 

The  term  Optic  Axis  plays  an  important  role  in  microscopic 
petrography,  and  as  it  will  be  of  frequent  occurrence  in  connection 
with  the  discussion  of  the  other  crystallographic  systems,  it  will 
be  necessary  at  the  outset  to  have  definite  and  correct  ideas  con- 
cerning it.  It  should  not,  as  a  term,  be  confounded  with  axis  of 
ether  vibration  (p.  53),  nor  with  crystallographic  axis,  although 
they  sometimes  coincide.  Its  discussion  involves  several  optic 
phenomena  common  to  all  anisotropic  media  and  serves  as  an  in- 
troduction to  the  real  problems  of  petrography. 

The  student  must  keep  in  mind  the  principles  of  polarization 
of  light  as  given  in  Chapter  II. 

The  physical  molecules  of  a  uniaxial  crystal  are  arranged  S)rm- 
metrically  about  the  vertical  axis  c;  when  a  ray  of  light  from 
the  lower  nicol,  having  its  vibrations  in  one  direction,  enters  a 
thin  section  of  a  uniaxial  crystal  perpendicular  to  its  surface 
in  the  direction  of  its  vertical  axis  c,  it  is  not  disturbed,  because 
round  about  the  vertical  axis  vibrations  can  take  place  with  equal 
ease  in  all  directions  perpendicular  to  it.  Such  a  polarized  extra- 
ordinary ray  (p.  13),  therefore  is  only  intercepted  by  the  upper 
nicol  so  as  to  produce  darkness  as  in  an  isotropic  body.  Hence, 
in  uniaxial  crystals  the  axis  c  coincides  with  the  optic  axis. 

If  a  ray  from  the  lower  nicol  enter  perpendicularly  a  thin 
section  of  a  uniaxial  crystal  in  any  other  direction  than  perpen- 
dicular or  parallel  with  c,  it  is  doubly  refracted  and  polarized, 
except  when  the  principal  optic  section  of  the  mineral  is  parallel 
tc  that  of  either  nicol,  its  two  parts  advancing  in  different  direc- 
tions with  different  rates,  the  extraordinary  ray  taking  an  oblique 
direction.  These  parts  vibrate  perpendicular  to  their  directions 
of  movement,  and  perpendicular  to  each  other:  one  of  them 
vibrates  in  a  plane  containing  the  incident  ray  and  the  optic  axis, 
(called  the  principal  optic  section),  and  is  distin^iished  as  the 
extraordinary  ray.  The  other  vibrates  perpendicular  to  this 
piane,  and  is  known  as  the  ordinary  ray. 

On  emerging  from  the  section  the  extrordinary  ray  is  more 
cr  less  advanced  than  the  ordinary.  The  essential  fact  is,  how- 
ever,  that  on  reaching  the  upper  nicol  and  being  reduced  by  it 
to  a  uniform  direction,  the  vibrations  of  the  two  rays,  not  being 
equally   advanced,   interfere   with    each   other,   producing   color. 
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The  thin  section  therefore,  appears  colored  with  some  of  the 
tints  of  the  solar  spectrum,  or  with  some  of  their  combinations. 

The  kind  of  color  thus  produced  depends  on:  (i)  The  min- 
eral examined;  (2)  The  thickness  of  the  section  and  (3)  The 
direction  in  which  the  section  is  cut  with  respect  to  the  optic 
elements  of  the  crystal.  The  amount,  or  intensity,  of  color  de- 
pends on  the  an^le  between  the  principal  optic  section  of  the 
mineral  and  the  principal  section  of  either  nicol,  being  greatest 
when  it  is  45°.  This,  greatest  intensity,  or  brilliancy  occurs  at 
four  places  in  a  complete  revolution  of  the  section. 

The  color  is  least  when  this  angle  is  0° ;  i.e.,  when  the  optic 
axis  of  the  crystal  lies  in  the  principal  section  of  either  nicol, 
the  light  is  extinguished  and  the  section  is  nearly  or  quite  dark. 
These  points  of  darkness  are  called  positions  of  extinction. 

On  passing  through  a  petrographical  microscope  light  under- 
goes important  changes.  If  it  also  pass  through  a  mineral  sec- 
tion on  the  stage  it  is  doubly  polarized  three  times.  These 
changes  are  illustrated  by  the  vertical  .^^ection  and  plan  seen  in 
figure  55.  After  reflection  from  the  mirror  M,  the  ray  of  light 
enters  the  lower  nicol  I  J,  where  it  is  doubly  refracted ;  the  two 
resultant  rays  being  completely  polarized,  one  vibrating  (the  or- 
dinary— O)  in  a  plane  normal  to  the  principal  optic  section 
(p.  46),  and  the  other  (extraordinary — E)  in  the  prmcipal  sec- 
lion.  The  O  ray  vibrates  in  the  plane  A  A'  of  the  plan,  and  the  E 
ray  in  the  plane  PP\  The  ordinary  ray  has  such  a  high  index 
refraction  and  strikes  the  balsam  layer  uniting  the  nicol  at  such 
an  angle  as  to  suffer  total  reflection,  and  it  is  absorbed  at  IV  by 
the  black  walls  about  the  nicol ;  only  the  extraordinary  ray  passes 
through  the  nicol. 

When  this  ray  strikes  an  anisotropic  mineral  section  as  SS\ 
not  cut  parallel  with  any  optic  elements,  at  any  position  other 
than  extinction  (p.  49),  it  is  again  divided  into  two  rays  which  may 
be  called  the  ordinary  (O')  and  the  extraordinary  (£')  rays  for 
this  mineral.  In  the  drawing  the  mineral  is  supposed  to  be 
uniaxial,  and  the  O  ray  is  not  refracted  since  the  incidence  is 
normal.  In  biaxial  crystals  both  rays  would  be  refracted  in  the 
general  case,  since  in  such  crystals  both  rays  have  the  character 
of  extraordinary  rays.  After  entering  the  section  5*5"  the  two 
rays  (O'  and  £')  are  vibrating  in  planes  at  right  angles  to  each 
other,  one  (£')  vibrating  in  the  principal  optic  section  of  the 
mineral.  Neither  plane,  however,  is  parallel  to  the  plane  of  vi- 
bration of  the  ray  as  it  left  the  lower  nicol,  since  the  section  is 
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not  at  a  position  of  extinction.  Then  in  the  plan,  if  DQ  repre- 
sent the  vibration  of  the  ray 
after  passing  the  polarizer  it 
will  be  divided  by  the  mineral 
section  into  two  rays  whose  vi- 
brations may  be  represented  by 
FQ  and  GQ,  if  the  vibration 
planes  of  the  mineral  are  in  the 
positions  BB'  and  CC  These 
two  rays  will  pass  upward  to 
the  analyzer  RT  where  a  third 
division  will  produce  two  rays 
from  each  of  them.  If  GQ  rep- 
resent the  vibration  of  the  ordi- 
nary ray  (0')  of  the  mineral, 
HQ  will  be  the  vibration  of  the 
ordinary'  ray  0"  produced  from 
this  by  the  upper  nicol.  and  KQ 
that  of  the  extraordinar>'  ray 
(E").  Further,  the  extraordi- 
nary ray  (£')  of  the  mineral, 
whose  vibration  is  FQ,  will  be 
divided  in  the  upper  nicol  into 
an  ordinary  ray  (O"),  whose 
vibration  is  represented  by  NQ. 
and  an  extraordinary  ray  (£"), 
whose  vibration  is  indicated  by 
LQ.  Now  the  two  ordinary  rays 
(0'  and  0'")  will  suffer  total 
reflection  in  the  upper  nicol : 
therefore  their  vibrations  HQ 
and  XQ  will  disappear.  But  the 
two  cxtraordinarj'  rays  (E'  and 
li"  1 .  whose  vibrations  are  repre- 
sented by  KQ  and  LQ  will  pass 
through  the  analyzer;  and,  since 
their  vibrations  are  in  the  same  plane,  they  will  interfere, 
as  they  are  derived  from  the  same  point  source  on  the  mirror 
and  therefore  have  a  fixed  phase  relation.  This  "interference"  is 
nothing  more  than  a  combination  of  the  two  rays,  and  occurs 
whenever  two  rays  have  vibrations  in  the  same  plane  and  come 
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from  the  same  point  source.  In  monochromatic  light,  this  inter- 
terference  will  produce  variation  of  intensity  of  the  light,  de- 
pending upon  the  difference  of  phase  of  the  two  rays.  If  the 
rays  have  no  difference  of  phase,  or  a  retardation  of  an  integral 
number  of  wave-lengths,  the  interference  will  double  the  ampli- 
tude and  quadruple  the  intensity.  If  the  rays  have  a  difference 
of  phase  of  one-half  wave-length,  or  any  uneven  multiple  dark- 
ness will  result.  In  ordinary  white  light,  since  the  different 
colors  constituting  the  light  have  different  wave-lengths  and  are 
unequally  refracted,  interference  will  reduce  the  intensity  of  some 
colors,  while  increasing  the  intensity  of  others — therefore,  inter- 
ference will  produce  colors  from  white  light.  The  color  produced 
will  depend  upon  the  difference  of  phase,  or  the  relative  retarda- 
tion, and  this  .in  turn  depends  upon  the  birefringence  of  the  min- 
eral concerned,  upon  the  direction  in  which  the  section  is  cut  with 
respect  to  the  chief  optical  directions  of  the  mineral,  and  upon 
the  thickness  of  the  section. 


DETERMINATION  OF  THE  DIRECTION   OF  EXTINCTION. 

This  quality  of  alternate  light  and  darkness  is  the  most  im- 
portant and  common  phenomenon  distinguishing  anisotropic 
media  from  isotropic. 

For  accurately  determining  the  positions  of  extinction,  several 
methods  have  been  devised.  If  the  observer  is  forced  to  depend 
on  the  distinction  of  these  positions  by  direct  observation,  he  finds 
that  it  is  impossible  to  make  several  readings  exactly  alike.  The 
eye  cannot  distinguish  small  variations  in  the  brightness  of  light. 
Sometimes  numerous  readings  are  inade  on  the  same  extinction, 
and  the  average  is  taken. 

Calcite  interference  figure.  This  method  substitutes  a  distinc- 
tion of  form  for  a  difference  of  light.  A  calcite  plate  cut  at  right 
angles  to  the  optic  axis,  or  two  such  cut  nearly  at  right  angles  to 
the  axis,  one  superposed  over  the  other,  give  striking  interference 
figures,  consisting  of  a  dark  cross  and  isochromatic  rings  as  ex- 
plained below.  If  such  a  section  be  inserted  between  the  nicols 
in  the  manner  that  the  Bertrand  lens  (p.  50)  is  inserted  at  U, 
figure  54,  the  interference  figure  is  distorted  except  when  any 
axis  of  ether  vibration  of  the  mineral  (p.  53)  lies  in  the  plane 
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»;  ihc  principal  section  of  one  of  the  nicols.  When  the  figure  is 
•■wc  the  mineral  is  at  the  extinction  position. 

^ Harts  sensitive  plate.     Another  method  of  determining  the 
iviiit  of  extinction  depends  on  a  distinction  of  difference  of  color. 

\  thin  quartz  plate  is  cut  parallel  to  the  axis,  having  such  a 
thickness  that  it  shows  the  violet  color  of  Newton's  scale  (p.  57), 
whon  put  between  crossed  nicols  in  such  a  position  that  its  axis 
Ntiuuls  at  an  angle  of  45**  with  the  nicols.  This  plate  may  be 
mounted  and  inserted  at  U,  figure  54.  In  use,  the  field  of  the 
miiTi>scopc  being  violet,  a  thin  section  of  the  mineral  under  ex- 
»4mination  is  cautiously  placed  on  the  stage  and  drawn  into  the 
liK-us  so  as  not  to  occupy  the  whole  field.  That  part  of  the  field 
which  is  occupied  is  differently  colored  from  the  rest.  On  rotation 
iif  the  stage,  carrying  the  thin  section,  the  two  parts  of  the  field 
mav  be  made  to  show  the  same  violet  color.  When  no  differ- 
cncc  exists  between  them  the  thin  section  is  at  the  extinction! 
point.  This  is  because  the  axes  of  ether  vibration  of  the  nicols 
and  of  the  thin  section  are  in  the  same  position,  producing  no  in- 
irrference.  The  color  throughout  is  dependent  solely  on  the 
(|uartz  plate. 

Hcrtrand  ocular.  This  apparatus  brings  the  contrast  of  color 
somewhat  more  effectively  before  the  eye,  and  has  the  advantage 
of  !)eing  applicable  with  high  powers  to  small  fragments  of  a 
mineral.  Two  pairs  of  right  and  left  handed  quartz  are  cut 
perpendicular  to  the  axis,  ground  to  the  same  thickness  and  ce- 
mented together  in  alternate  order  so  that  their  edges  meet  at 
a  common  point,  at  right  angles.  This  compound  plate,  when 
m-t  in  the  ocular  with  its  cemented  edges  exactly  in  agreement 
with  the  crossed  nicols,  (one  of  which  must  be  above  the  ocular)* 
])resents  but  one  tint  of  color.  If  a  thin  section  of  a  doubly  re- 
fracting mineral  be  put  on  the  staj^^e  in  the  focus  of  the  micro- 
scope, the  quadrants  are  differently  colored,  Texccpt  in  the  ex- 
tinction position),  in  regular  alternation,  the  (Opposite  quadrants 
being  similar.  On  rotating  the  thin  section  the  quadrants  be- 
come alike  when  the  point  of  extinction  is  reached.  The  axis  of 
ether  vibration  of  the  secticm  then  lies  in  the  principal  planes  of 
the  nicols. 

Interference  Hf^ure  in  conrcrQ;ent  li(;;ht.  In  order  to  distin- 
guish a  uniaxial   crystal,  cut  at  right  angles  to  its  optic  axis, 


•  For  this   th«^   .stiulf-nt   must    ii.se   tho  spocLal    (Uilrd)    nicol.   which    Is  not 
Attached  to  the  mlrroecope. 


INTERFERENCE  FIGURE. 


from  an  isotropic  crystal,  resort  is  had  to  its  "interference  figure 
(figure  56)  in  convergent  polarized  light. 


Pig.  56.    Uniuiil  Figure. 

This  is  done  by  bringing  the  lens  for  producing  convergent 
light  close  up  under  the  glass  plate  carrying  the  thin  section  and 
examining  the  section  with  a  high  power  objective.  After  focus- 
ing the  objective  the  ocular  is  removed  from  the  body  of  the 
microscope.  On  looking  into  the  top  of  the  tube,  the  nicols  be- 
ing crossed,  a  distinct  black  cross,  sometimes  with  colored  rings. 
is  seen  in  the  further  end  of  the  objective,  the  arms  of  which 
have  the  same  direction  as  the  sections  of  the  nicols.  On  rotat- 
ing the  crystal  on  the  stage  this  dark  cross  i.-:  not  affected  if  the 
section  be  accurately  perpendicular  to  the  optic  axis.  If,  how- 
ever, it  be  somewhat  oblique  the  figure  will  move  about  the  cen- 
tre of  the  field.  If  it  be  still  further  oblique,  the  centre  of  the 
figure  may  be  outside  of  the  field  of  the  microscope  and  on  rota- 
tion only  its  dark  bars  can  be  seen  to  move  across  the  field.  It 
should  be  noted  here  that  these  dark  bars  are  contimtally  straight 
and  parallel  with  themselves. 

But  if  the  obliquity  of  the  section  be  so  great  that  the  centre 
of  the  interference  figure  is  thrown  outside  of  the  field  of  the 
microscope,  the  black  bars  begin  to  show  a  curvature,  increas- 
ing with  the  obliquity,  on  entering  and  on  leaving  the  field,  be- 
coming straight  only  when  they  cross  the  centre  of  the  field.  It 
should  again  be  noted,  in  order  to  distinguish  these  dark  curved 
bars  from  those  of  biaxial  crystals,  that  the  curvature  shifts 
from  one  direction  to  the  other  in  crossing  the  field,  and  that  it 
swings  about  the  ends  of  the  horizontal  or  vertical  diameter  of 
the  field.  This  fact  distinguishes  the  uniaxial  bars  from  the  dark 
bars  of  biaxial  crystals  which,  under  such  circumstances,  re- 
main always  curved  in  the  same  direction  in  passing  across  the 
field.  They  both  become  straight  when  the  plane  of  the  optic 
axis  lies  in  the  principal  section  of  either  nicol  (p.  46).* 

•  Stm.  If  tlx  obliquity  of  the  blaxJal  crystal  happen  to  be  In  a  direction 
paraHeJ  to  the  optic  plane,  the  terk  bar  will  present  an  appearance  similar 
to  ttMt  of  the  oblique  unJozlal  crystal. 
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If  the  section  be  so  oblique  that  it  is  nearly  or  quite  parallel 
to  c  the  black  cross  which  appears  breaks  up,  on  rotation  of  the 
stage,  into  hyperbolas  which  are  symmetrically  placed  with  re- 
spect to  the  optic  axis.  On  further  rotation  these  hyperbolas 
unite  to  form  a  dark  cross  again. 

If  the  black  cross  be  accompanied  by  colored  concentric  rings, 
they  are  produced  by  the  double  refraction  and  ultimate  inter- 
ference of  rays  from  the  circular  convergent  lens  (p.  42).  The 
appearance  of  colored  rings  depends  on  the  strength  and  quality 


s^ ' 


Fi?.  57.    Ray  advancing  parallel  to  the  vertical  bx\%. 
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of  the  double  refraction  of  the  mineral,  and  on  the  thickness  of 
the  plate. 

Axes  of  Ether  Vibration.     The  directions  in  which  ether  \ 
vibrates  in  anisotropic  substances  with  the  greatest  and  the  least    . 
ease  are  the  greatest  and  least  axes  of  ether  vibration.     These 
axes  are  always  perpendicular  to  each  other. 

The  greatest  axis  of  ether  vibration  is  denoted  by  the  letter  X. 
This  is  equivalent  to  «p,  in  French  texts,  and  to  a  in  German. 
The  index  of  refraction  of  light  vibrating  in  this  direction  is  ex- 
pressed by  «T„  or  in  German  texts  by  a. 

The  least  axis  of  ether  vibration  is  denoted  by  Z,  or  in  French 
texts  by  Hg,  and  in  German  texts  by  c .  .The  index  of  refraction 
of  light  vibrating  in  this  direction  is  expressed  by  Wg,  or  in  Ger- 
man texts  by  y. 

In  uniaxial  crystals  one  of  these  axes  always  coincides  with 
the  vertical  crystallographic  axis;  the  other  is  in  all  directions 
at  right  angles  to  this.  That  which  coincides  with  the  vertical 
crystallographic  axis  may  be  the  greatest  or  the  least  axis  of  ether 
vibration,  according  to  the  mineral. 

The  student  must  not  conceive  of  these  as  lines  having  posi- 
tions, within  a  crystalline  substance,  but  as  directions.  Light  is 
propagated  along  these  directions  in  ether  vibrations  respectively 
perpendicular  to  them. 

The  accompanying  figures  illustrate  the  directions  of  ether  vibra- 
tions in  uniaxial  crystals  for  rays  parallel,  perpendicular  and 
oblique  to  the  vertical  axis,  (figures  57,  58a,  58b,  58c,  58d  and 
58e). 

For  a  ray  advancing  parallel  with  the  vertical  axis  of  a  uniaxial 
crystal  as  in  cassiterite,  figure  57,  the  ether  vibrations  may  be 
perpendicular  to  its  direction  of  propagation  on  all  sides,  and  the 
ray  is  not  doubly  refracted,  nor  polarized. 

For  a  plane  wave  advancing  perpendicular  to  the  vertical  axis, 
while  there  is  no  refraction  the  E  ray  suffers  retardation  and  is 
polarized  at  right  angles  to  the  O  ray,  as  represented  in  figure 
S8a.  This  figure  represents  cassiterite,  and  the  retardation  of 
the  E  ray  is  accurately  constructed.  It  is  one  tenth  of  the  distance 
traveled  when  passing  through  the  crystal  in  the  direction  shown. 
The  ether  vibrations  of  the  E  ray  are  in  a  plane  at  right  angles 
to  those  of  the  O  ray. 

For  a  plane  wave  advancing  obliquely  to  the  vertical  axis,  the 
E  ray  has  ether  vibrations  in  the  plane  of  the  ray  and  the  vertical 
axis,  and  the  O  ray  at  right  angles  to  that  plane.    Figure  58b  also 
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represents  cassiterite.  The  retardation  of  the  £  ray,  when  passing 
through  the  crystal  in  the  direction  shown  is  four  hundredths  of 
the  distance  traveled,  and  is  accurately  constructed  in  the  figure. 
In  this  case  the  incident  ray  is  polarized  in  the  same  manner  as 


Fig.  58a.    Plane  wave  advancing  perpendicular  to  the  vertical  axis,  showing  ether  vibration 

and  retardation  of  the  O  and  E  rays. 

in  figure  58a,  but  the  O  ray  passes  straight  through  without  re- 
fraction, while  the  E  ray  is  refracted  and  its  direction  altered 
while  in  the  section — but  the  direction  of  wave  propagation  is 
always  the  same. 

In  figures  57,  58a,  and  58b  the  incident  ray  is  normal  to  the 
crystal  surface.  In  figures  s8c,  58d,  and  s8e  the  incident  ray 
falls  obliquely  upon  the  crystal  surface.  In  these  more  general 
cases  we  have  typical  "double"  refraction,  since  with  oblique  in- 
cidence both  rays  are  refracted,  although  unequally.  In  figure 
58c  the  incident  ray  strikes  a  surface  normal  to  the  vertical  axis ; 
tlie  figure  shows  the  retardation  and  the  deviation  of  the  E  ray 
as  compared  with  the  O  ray  in  cassiterite. 

In  figure  58d  the  incident  ray  impinges  obliquely  upon  a  sur- 
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face  parallel  with  the  vertical  axis,  and  here  also  the  retardation 
and  deviation  of  the  E  ray  are  shown.     In  figure  s8e  the  most 


Fiff .  58b.    Plane  wave  advancing  obliquely  to  the  vertical  axis  through  a  uniaxial  crystal. 

general  case  is  illustrated,  since  the  incidence  is  inclined  upon 
a  crystal  surface  of  indefinite  position ;  the  retardation  and  devi- 
ation of  the  E  ray  are  illustrated  as  occurring  in  cassiterite. 

Newton's  Color  Scale.,  It  has  been  stated  (p.  46)  that  an- 
isotropic media,  in  thin  section  not  perpendicular  to  an  optic  axis, 
between  crossed  nicols  show  polarization  colors  except  at  ex- 
tinction positions.  These  colors  are  among  the  most  characteris- 
tic phenomena  of  such  minerals,  and  they  have  to  be  studied  with 
great  care  and  with  special  apparatus. 

In  order  to  have  a  standard  for  comparison  the  color  scale  of 
Newton  has  been  adopted.  This  consists  of  a  succession  of  in- 
terference tints  (see  plate  at  the  end  of  the  volume)  shading  in 
each  direction  into  each  other,  depending  on  the  varying  thick- 
ness of  a  refi  acting  medium.     The  same  succession  of  tints  is 
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produced  by  doubly  refracting  mineral  sections.  At  certain 
points  in  this  scale  tlie  colors  have  been  named,  making  about 
forty  distinguishable  tints  in  natural  light  (table).  Certain  col- 
ors recur  with  some  regularity,  and  they  all  fade  out  when  the 
section  is  either  very  thin  or  very  thick.  They  are  best  exhibited 
by  thin  sections  having  a  thickness  from  o.oi  mm  to  0.06  mm. 

The  lowest  colors  are  those  of  the  first  order  embracing  18 
distinguishable  colors.  The  next  14  colors  constitute  the  second 
order,  and  the  next  9  the  third.     In  the  fourth  order  the  colors 


Pi«.58c. 

Double  refraction,  polarization  and  retardation  for  oblique  incidence  on  a  plane  normal 

to  the  optic  axes  in  a  uniaxial  crystal. 

blond  by  overlapping  of  the  interference,  and  gradually  approach 
white  lii^^ht.     It  will  be  noticed  that  the  recurrence  of  the  violet 
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coioT  marks  the  limits  of  the  "orders."  This  color  is  often  used 
for  leference.  The  first  occurrence  of  violet  is  known  as  the 
"sensitive  tint"  (leinte  sensible)  No.  I.  The  second  is  sensitwt 
tint  it einle  sensible)  No.  2. 

In  making  comparisons  with  this  scale,  it  is  always  understood, 
unless  otherwise  mentioned^  that  the  colors  of  the  mineral  exam- 
ined are  the  liighest  such  a  mineral  is  capable  of  producing,  viz: 
in  uniaxial  minerals  in  sections  cut  parallel  to  the  optic  axis,  and 
in  biaxial  minerals  in  sections  out  parallel  to  the  axial  plane  in 
which  lie  the  greatest  and  least  axes  of  ether  vibration ;  also  that 


Pis. 58d. 
oblique  incidence  on  ■  inrfuepmliel  to  tbe  optic  ul>. 

these  colors  are  most  brilliant  when  the  extinction  positions  of  the 
mineral  section. are  at  45°  with  the  sections  of  the  nlcols. 

From  what  has  been  said  it  will  be  evident  that  for  ordinary 
light,  and  a  known  thickness  of  a  thin  section,  the  highest  inter- 
ference color  will  depend  on  the  double  refraction  of  the  min- 
eral, which  is  a  constant  element ;  i.  e.,  in  uniaxial  crystals  on 
the  difference  between  w  and  e,  and  in  biaxial  crystals  on  the  dif- 
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ference  between  the  indices  of  X  and  Z,  or  «,  —  «p,  (see  p.  64)  ; 
and  since  the  thickness  of  the  thin  sections  ordinarily  used  may  be 
considered,  in  practice,  substantially  uniform,*  the  polarization 
color  becomes  at  once  a  guide  to  the  comparative  value  of  the 
indices  of  refraction  in  any  mineral. 

Quartz  Sensitive  Tint,  which  is  .often  used  to  detect  exactly 
the  position  of  the  greatest  extinction  of  light,  (p.  49)  is  con- 


Fig.  58e. 

Inclined  incidence  on  a  surface  of  indefinite  position  with  respect  to  the  optic  axis. 

veniently  employed  in  comparison  with  colors  of  objects  exam- 
ined between  crossed  nicols.  It  consists  simply  of  a  plate  of 
quartz  cut  parallel  to  its  vertical  or  small  axis  (Z)  of  ether 
vibration  and  of  such  thickness  that  it  uniformly  gives  the  first 
violet  color  of  Newton's  scale. 

Quartz-Wedge.     This  consists  of  a  similar  quartz  plate,  but 


*  Thin  sections  must  be  of  uniform  thickness,  and  not  over  0.03  mm.  In 
order  to  bo  a.menal)le  to  the  descrlptioTis  of  this  work.  That  Is  the  limit 
set  by  th<?  Fronch  pet roerrap hers. 
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of  varying  thickness.  It  hence  gives  all  the  colors  of  Newton's 
scale,  ranging  from  the  grayish-blue  of  the  first  order  to  the 
sensitive  tint  No.  2,  between  the  second  and  third  orders  or  fur- 
ther. When  mounted  for  use  its  axis  should  stand  at  45**  with 
its  long  edge.* 

Since  it  is  impossible  to  make  a  quartz  wedge  whose  thin  edge 
reaches  an  ideal  vanishing  point  it  is  not  possible  to  compensate 
interference  colors  below  that  produced  by  a  difference  of  phase 
of  about  a  quarter  of  a  wave  length  with  an  .ordinary  quartz 
wedge.  But  Wright  **  has  devised  a  combination  wedge  which 
overcomes  this  difficulty.  This  instrument  consists  of  a  plate  of 
gypsum  of  uniform  thickness  upon  which  a  wedge  of  quartz  (or 
gypsum)  is  placed  in  such  a  position  that  the  faster  ray  in  the 
gypsum  is  the  slower  ray  in  the  quartz.  The  gypsum  plate  is 
made  of  such  thickness  that  its  effect  is  completely  compensated 
by  that  of  the  wedge  at  the  middle  of  the  latter.  At  this  place 
therefore,  the  wedge  produces  darkness  between  crossed  nicols; 
if  the  wedge  be  moved  in  either  direction  the  colors  rise  grad- 
ually from  this  zero  effect  to  the  third  order.  If  this  wedge  be 
superposed  over  a  mineral  section  the  colors  will  rise  as  it  is 
moved  in  one  direction  from  the  center  and  fall  as  it  is  moved 
the  other  way. 

Determination  of  the  order  of  color  produced  by  inter- 
ference. With  the  quartz  wedge  the  rank  of  an  interference 
color  is  determined.  Suppose  a  thin  section  shows  red,  when 
its  extinction  direction  is  at  45**  with  the  nicols.  As  red  occurs 
in  Newton's  scale  at  three  points,  it  will  be  difficult,  in  many 
instances,  to  decide  to  which  order  the  color  belongs.  In  order 
to  determine  its  rank  the  thin  section  should  be  placed,  between 
crossed  nicols,  at  an  angle  of  45**  from  extinction.  It  must  now 
be  ascertained  in  which  direction  in  the  section  the  smaller 
axis  of  ether  vibration  lies.  If  the  quartz  wedge  be  inserted 
with  its  axes  parallel  to  those  of  the  section,  the  color  of  the 
thin  section  will  either  rise  or  fall  in  the  scale  of  Newton ;  i.  e., 
it  will  ascend  from  the  first  order  upward,  or  znce  versa.  It 
the  color  of  the  section,  on  pulling  the  wedge  into  the  slot»  rise 


*  It  slxyuld  be  noted  that  some  quartz  pkutes  of  aenRltlve  tint,  and  some 
quartz  wedflreii,  are  not  made  in  the  manner  above  described  with  an  arrow 
indicating:  the  axis  at  46*  with  their  longer  edge;  but  have  their  axes  paral- 
lel with  their  longrer  sides. 

••  F.  E.  Wright.  T.  M.  P.  M.  Vol.  XX.    1901.    p.    275.    Jour.    Qeoh    Vol.    X. 
1902.  p.   33. 


6o  OPTICAL  MINERALOGY, 

successively  from  one  color  to  the  other,  such  change  indicates 
that  the  greater  axis  of  the  thin  plate  is  parallel  with  the  same 
of  the  quartz  wedge,  and  the  wedge  must  be  withdrawn  and  in- 
serted again  with  its  axis  at  90**  from  its  former  position.  This 
is  done  simply  by  turning  the  wedge  over  before  insertion.  In 
this  case  the  colors  will  fall,  and  the  smaller  axis  of  ether  vibra- 
tion of  the  section  is  parallel  with  the  greater  axis  of  the  quartz 
wedge.  Having  thus  determined  the  position  of  the  smaller  axis 
of  ether  vibration  of  the  section,  the  quartz  wedge  should  again 
be  inserted  gradually  in  such  a  manner  that  the  greater  axis  of 
one  is  parallel  to  the  smaller  of  the  other.  The  colors  then 
successively  descend  in  the  scale  as  thicker  parts  of  the  wedge 
come  over  the  plate,  until  a  point  is  reached,  called  the  compen- 
sation point,  where  the  acceleration  of  one  of  the  rays  of  the 
plate  corresponds  exactly  to  the  retardation  of  the  same  in  the 
quartz  wedge,  and  the  plate  becomes  gray  or  dark.  If  the  two 
plates  could,  in  this  position,  be  viewed  separately  between 
crossed  nicols,  they  would  be  found  to  possess  the  same  colora- 
tion and  the  same  luminous  intensity  if  equally  transparent.  Let 
the  section  now  be  withdrawn  entirely,  and  as  the  quartz  wedge 
is  then  slowly  withdrawn  in  reverse  order  to  that  in  which  it 
was  inserted,  the  colors  can  be  counted  as  they  succeed  each  other 
to  the  thin  edge,  giving  the  order  of  the  original  red  of  the  sec- 
tion. 

Measurement  of  double  RfiFKACTiox :  It  sometimes  becomes 
necessary  to  make  more  precise  distinctions.  For  this  purpose 
a  special  apparatus  (comparator)  has  been  devised  by  \richel 
Levy.  It  is  adapted  for  use  with  the  microscope  of  Nachet,  and 
may  be  adjusted  to  any  microscope.  This  instrument  is  illus- 
trated below  by  figure  59.  Its  purpose  is,  in  brief,  to  compare 
the  double  refraction  of  any  mineral,  when  placed  on  the  stage 
of  the  microscope  between  crossed  nicols,  with  that  of  a  known 
mineral.     For  this  standard  quartz  is  chosen. 

The  instrument  consists  of  a  small  mirror,  A,  from  which  a 
ray  is  sent  by  reflection  from  B,  through  the  small  horizontal 
tube  which  contains  crossed  nicol  prisms  (situated  at  C  and  C) 
into  the  ocular  G  which  is  inserted  in  the  microscope  in  the  usual 
manner.  This  ray  passes  through  the  quartz  wedge  F,  which 
ranges  through  the  colors  of  the  first  and  second  orders  and  up 
to  the  green  in  the  third  order,  and  which  can  be  made  to  stand 
at  an  angle  of  45°  with  its  crossed  nicols,  and  also  to  move  slowly 
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•  by  the  thuinb-screw  E,  bringing  its  various  thicknesses  before 
the  small  aperture,  which  admits  the  ray  to  the  nicol  C-  This 
movement  is  registered  at  the  vernier  D.  At  H  the  ray  passes 
through  a  small  lens  having  a  long  radius.     In  the  line  of  its 


Fig.  M.  Michel  Levy's  Comparator. 
course  in  the  ocular  G  it  meets  another  reflector  which  sends  it 
upward  to  the  eye.  It  is  evident  that  it  shows  the  color  that  may 
be  produced  by  the  small  quartz  wedge.  The  reflector  in  G  has 
a  small  aperture  so  situated  that  the  colored  light  from  a  thin 
section  placed  on  the  stage  between  crossed  nicols  comes  into 
contrast  with  that  from  the  comparator. 

In  order  to  use  this  comparator,  it  is  first  necessary  to  ascer- 
tain the  constant  of  the  quartz  wedge.  F,  that  is  to  say,  the  value 
of  one  of  the  smallest  divisions  of  the  scale  D.  including  its  ver- 
nier, in  the  units  of  Newton's  scale.  This  is  done  by  taking  the 
readings  of  the  comparator  scale  when  its  quartz  wedge  (F) 
stands  successively  at  the  two  sensitive  tints.  Suppose,  for  in- 
stance, these  two  reachngs  are  345  and  707,  the  difference  is  362. 
Jn  the  table  of  Newton's  color  scale  these  positions  have  the  read- 
ings 575  and  1128;  hence. 

One  division  of  tht  scale,  or 

M28-S7S_, 
707-355  ' 

This  value  expresses  the  ratio  between  the  units  of  the  quartz 
comparator  and  those  of  the  scale  of  Newton.  This  value  is  not 
noticeable  in  the  change  of  color  for  one  unit,  but  is  applicable 
between  the  distinguishable  tints. 

In  making  use  of  this  co-efficient,  let  a  mineral  thin  section 
of  the  proper  thickness  which  gives  some  one  of  the  colors  of 
Newton's  scale  be  placed  on  the  stage  of  the  microscope.  With 
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the  quartz  wedge  of  the  comparator  at  45**  with  its  nicols,  let 
the  color  of  the  mineral  be  brought  to  agreement  with  that  of 
the  comparator  by  means  of  the  milled  screwhead  E.  Suppose 
the  reading  of  the  vernier  (D)  then  is  749;  its  product  by  the 
co-efficient  above  gives  the  amount  of  retardation  of  the  speci- 
men, or  1142.974,  approximately  1143  millionths  of  a  millimetre 
which,  by  the  table,  is  about  that  of  epidote,  pectolite,  g^lbertite 
and  talc. 

Measurement  of  the  thickness  of  the  section.  But  this 
result  is  dependent  on  the  tliickness  of  the  section,  represented 
by  e,  and  has  no  value  until  that  element  can  be  measured  or 
eliminated.  The  most  direct  method  of  measuring  the  thin  sec- 
tion is  with  the  fine  adjustment  of  the  microscope;  which  is 
made  to  focus  the  objective  (with  some  high  power)  first  on  a 
dufet  particle  on  the  upper  part  of  the  thin  section,  lying  in  the 
Canada  balsam,  and  then  on  another  on  the  other  side.  The  dif- 
ference in  position  of  these  focal  points  is  read  from  the  grad- 
uated screwhead  of  the  fine  adjustment.  It  is  well  to  make  sev- 
eral trials,  taking  their  average.  In  the  Nachet  microscopes  the 
complete  revolution  of  the  milled  head  amounts  to  one-fourth 
of  a  millimetre,  that  being  the  tread  of  the  screw  of  the  fine  ad- 
justment. The  graduation  on  the  rim  divides  this  into  hun- 
dredths, and  the  vernier  again  divides  these  into  fifths,  render- 
ing it  possible  to  record  the  thickness  to  within millimetre. 

^       ^  2000 

The  approximation,  however,  owing  to  variation  in  the  thickness 
of  sections  in  different  places  and  to  difficulties  in  the  focusing 
of  the  common  objective  with  white  light,  rarely  reaches  closer 

than millimetre. 

200 

The  errors  are  best  eliminated  by  using  ocular  No.  3  with  im- 
mersion objective  No.  7,  and  a  strong  light  sifted  through  a 
dark-red  glass.  One  then  can  observe  the  brilliant  diffraction 
circles  which  appear  about  the  dust  particles  when  above  or 
below  their  focal  points. 

Suppose  the  section,  whose  retardation  has  been  found  above 
to  be  T  142.974,  has  a  thickness  of  0.03  mm.  This  value  may  be 
freed  from  the  element.  Cc),  the  thickness  of  the  section,  by  labo- 
rious methods,  or  by  reference  to  the  table  of  double  refraction 
prepared  by  Michel  Levy,  in  which  the  results  of  numerous  cal- 
culations are  jofraphically  expressed  in  a  conden«^ed  form.  The 
figure  which  we  have  obtained  would  fall  near  1151,  at  the  top 
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of  the  colored  plate,  which  is  the  amount  of  retardation  for  the 
color  indigo  in  the  third  order  (p.  57),  and  applies  to  any  mineral 
giving  this  color  having  a  thickness  of  0.06  mm.  Its  double 
refraction  is  expressed  at  the  top  of  the  color'  scale  in  a  line  di- 
rectly below  the  figures  1151,  and  amounts  to  about  0.0192.  For 
the  section  selected,  which  is  0.03  mm  in  thickness,  the  double 
refraction  {ftg  —  ;ip)  is  found  by  tracing  the  oblique  line  which, 
at  a  point  directly  below,  intersects  the  horizontal  line  corres- 
ponding to  the  thickness  ot  0.03  mm  upward  toward  the  right 
to  the  top  of  the  color  scale,  where  it  coincides  with  the  value  of 
0.038,  which  is  the  figure  sought,  i.  e.,  n,  —  np. 

This  method  is  applicable  to  both  uniaxial  and  biaxial  min- 
erals, since  double  refraction  in  biaxial  minerals  depends  upon 
the  difference  in  velocity  of  the  rays  vibrating  parallel  to  the 
least  and  greatest  axes  of  ether  vibration. 

The  table  of  double  refraction  above  referred  to  is  otherwise 
also  very  useful.  The  oblique  lines  cut  the  horizontal  lines  in 
those  points  which  correspond  to  the  various  values  of  ^X  (X  = 
«g  —  np)  for  each  thickness  of  a  plate  from  0.0  mm.  to  0.06  mm. 
This  gives  immediately  a  ready  differential  character  by  means 
of  which  at  a  glance  some  of  the  minerals,  common  in  rocks, 
can  be  distinguished  from  each  other  by  their  polarization  colors, 
when  their  other  optic  properties  are  nearly  identical.  Thus,  in 
a  section  of  zircon,  thickness  of  0.92  mm.  the  maximum  color, 
is  greenish-blue  of  the  third  order.  Rutile,  on  the  contrary,  does 
not  afford  chromatic  polarization  at  this  thickness,  but  appears 
the  same  as  in  natural  light.  Enstatite  and  hypersthene  have 
double  refraction  which  is  about  half  that  of  augite  and  horn- 
blende. Zoisite  and  epidote,  blue  corundum  and  blue  tourmaline 
are  distinguished  in  the  same  w^ay. 

This  table  is  useful,  also  as  a  means  of  determining  what 
color  a  given  mineral  of  a  given  thickness  would  present  be- 
tween crossed  nicols  when  cut  in  thin  section  parallel  to  its  optic 
plane. 

The  table  adjoined,  show^ing  the  succession  of  colors  of  New- 
ton's scale,  contains  also  a  column  of  figures,  calculated  from  the 
table  of  Michel  Lew,  intended  to  show  the  amount  of  retarda- 
tion  for  a  thickness  of  0.03  mm,  this  being  the  thickness  of  thin 
sections  when  prop)erly  made.  It  is  evident  that  if  there  be  no 
irregularities  in  the  section,  the  amount  of  retardation  for  any 
thickness  of  the  minerals  named,  either  greater  or  less  than  0.03 
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mm.  can  be  computed  from  the  figures  in  this  column,  since  they 
are  directly  proportional  to  the  thickness  of  the  plate. 

The  bertrand  lens  is  a  device  for  magnifying  the  inter- 
ference figure  when  it  is  indistinct,  or  when  it  is  desired,  as  in 
the  case  of  biaxial  crystals,  to  measure  the  angle  of  the  optic 
axes  (p.  73),  or  to  make  a  drawing  of  it.  It  is  a  small  lens  and 
serves,  with  the  ocular  in  positiort,  as  an  objective  of  low  power 
to  greatly  increase  the  size  and  distinctness  of  the  interference 
figure.  It  is  inserted  ai  U,  figure  54,  the  lower  end  of  the  main 
tube  of  the  microscope.  It  is  focused  on  the  interference  figure 
by  the  rachet  at  the  upper  end  of  the  tube.    (See  also  p.  42). 

The  principal  optic  section  of  a  uniaxial  mineral  is  that 
plane  v/hich  passes  through  the  incident  ray  and  the  optic  axis; 
and  to  it  the  ether  vibrations  of  the  ordinary  ray  are  perpendicu- 
lar, and  those  of  the  extraordinary  ray  parallel. 

In  uniaxial  crystals  the  optic  axis  and  one  axis  of  ether  vibra- 
tion coincide,  (compare  p.  46). 

Sections  of  uniaxial  crystals  parallel  to  the  vertical 
axis  show  in  convergent  white  light,  colored  curves 'of  a  form 
similar  to  that  of  the  isochromatic  curves  of  biaxial  crystals 
(p.  72).  In  some  cases  only  dark  bars  are  seen  which  recede  as 
hyperbolas  on   rotation  and  again  unite  to  form  a  dark  cross 

(p.  51). 

Laboratory  illustrations'.  The  student  should  make  numerous  trials  of 
all  the  methods  detailed  above.  Thin  sections  of  tourmaline  or  of  olivine 
are  useful  to  familiarize  him  with  the  use  of  the  color  scale  of  Newton. 
He  should  note  the  differences  between  the  colors  of  these  minerals  and 
those  of  calcite.  He  should  compare  them  also  with  the  colors  of  the 
quartz  plates. 

DETERMINATION  OF  THE  SIGN  IN  UNIAXIAL  MINERALS. 

This  consists  in  determining  the  relative  values  of  io  and  e, 
which  are  the  symbols  used  to  represent  the  indices  of  refraction 
of  the  ordinary  and  extraordinary  rays  respectively,  in  uniaxial 
crystals,  for  light  traveling  perpendicular  to  the  vertical  axis. 
<i>  may  be  greater  or  less  than  €.  as  the  vertical  axis  c  may  be 
greater  or  less  than  the  horizontal  axes.  If  the  vertical  axis  is 
the  direction  of  the  greatest  axis  of  ether  vibration,  tiie  crystal 
is  said  to  be  ncj^ativc,  or  <i>  >  c;  i.  e.,  the  extraordinary  ray  is 
less  refracted  than  the  ordinary,  and  advances  with  greater  veloc- 
ity.  Optically  positive  uniaxial  crystals  are  those  in  which  o)  <  e. 

The  greater  the  velocity  the  less  the  refraction  and  the  smaller 
the  index  of  refraction. 
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The  ether  vibrations  of  the  ordinary  ray  are  perpendicular  to 
the  primary  axis,  and  those  of  the  extraordinary  are  parallel  to  it. 

The  problem  consists  in  comparing  the  velocity  in  the  two 
directions  within  the  thin  section,  with  the  known  velocities  of 
another  mineral.  It  is  to  be  remembered  that  the  aggregate  re- 
fraction of  a  thin  section  depends  also  on  the  thickness  of  the 
plate  through  which  the  refracted  light  passes.  Hence  the  ele- 
ments of  the  problem  are  all  in  hand  and  it  only  remains  to  make 
the  practical  application.  It  may  be  accomplished  in  several 
ways: 

I.  By  the  quartz  of  sensitive  tint  in  parallel  polarized  light. 
This  quartz  plate  has  been  defined  on  page  58.  As  usually 
mounted,  the  plate  lies  between  two  glass  strips  of  convenient 
size,  with  its  long  edge  parallel  with  the  long  edges  of  the  glass 
strips.  The  direction  of  its  crystallographic  axis,  which  is  also 
the  optic  axis  and  corresponds  with  the  direction  of  least  velocity 
(i.  e.  with  Z),  is  inclined  45®  with  the  sides  of  the  plate,  as  shown 
by  the  arrow  engpraved  on  the  glass.  By  simply  turning  over 
the  plate,  its  axis  is  brought  into  a  position  at  right  angles  to 
its  former  positi<m ;  i.  e.,  the  arrow  is  changed  from  pointing  NW 
to  SW  or  vice  versa. 

It  is  first  necessary  to  determine  the  position  of  the  axes 
of  ether  vibration  in  the  mineral  thin  section,  i.  e.,  the  posi- 
tions at  which,  on  rotation  between  crossed  nicols,  extinction 
takes  place  (p.  49),  and  then  to  rotate  the  stage  carrying  the 
section  to  a  position  of  45**,  from  these  extinctions.  The  sec- 
tion then  gives  its  brightest  interference  color,  and  the  difference 
of  phase  shows  its  maximum  effect.  The  quartz  plate  is  then 
introduced  between  the  nicols  in  such  a  position  that  the  direc- 
tion of  the  axis  (Z)  is  45*  with  their  principal  sections.  The 
change  of  color  produced  by  this  interposition  depends  on  wheth- 
er the  two  axes  which  lie  in  the  same  direction  are  the  same  in 
the  thin  section  and  in  the  quartz  plate.  If  they  together  show 
a  color  higher  than  the  sensitive  tint  of  the  quartz  plate,  (i.  e., 
first  violet  of  Newton's  scale),  the  axis  of  ether  vibration  which 
is  in  agreement  with  the  axis  Z  of  the  quartz  plate,  is  the  same 
as  that  of  the  quartz  plate ;  viz.,  Z,  and  the  axis  which  is  normal 
to  this  in  each  is  that  of  the  axis  X.  If,  however,  the  resultant 
color  be  lower  than  that  of  the  quartz  plate,  then  the  axis  of 
ether  vibration  in  agreement  with  the  least  axis  of  ether  vibra- 
tion of  the  quartz  plate  is  the  greater  axis  of  ether  vibration  of 
the  mineral.    The  former  result  is  in  consequence  of  an  increase 
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of  the  retardation  due  to  the  retardation  of  the  same  ray  in  both 
plates  when  in  parallel  position,  and  the  latter  to  the  lessening  of 
the  retardation  by  the  superposition  of  a  non-agreeing  quartz 
plate. 

When  the  color  rises  in  sections  whose  double  refraction  color 
does  not  exceed  yellow  of  the  first  order,  there  is  apparent  a  ten- 
dency to  change  from  the  sensitive  tint  toward  the  yellow  of  the 
second  order  through  green,  and  when  it  falls  there  is  a  tendency 
to  pass  toward  yellow  of  the  first  order  through  red.  Sections 
whose  interference  color  is  higher  than  yellow  of  the  first  order, 
should  be  examined  by  the  quarter-undulation  mica-plate,  as  be- 
low. This  method  is  preferable,  therefore,  only  with  minerals 
whose  maximum  double  refraction  does  not  exceed  two-thirds 

In  parmllel  pdartzed  lighL 
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Color  falls:    Negative. 
Fig.  59a.    Use  of  the  quartz  sensitive  tint. 

of  a  wave-length;  e.  g.,  the  twin  lamellae  of  feldspars,  sec- 
tions of  quartz,  chalcedony,  cordierite  and  feldspsthic  spherulitic 
growths. 

To  apply  this  method  to  the  determination  of  the  sign  it  is 
to  be  observed  that  uniaxial  minerals  are  positive  when  Z  coin- 
cides with  the  optic  axis  and  negative  when  X  forms  the  optic 
axis.  Now  the  optic  axis  is  parallel  with  the  vertical  crystal- 
lographic  axis;  therefore,  whenever  the  crystal  form  permits  the 
determination  in  the  section  of  the  position  of  the  vertical  axis 
the  sign  can  be  obtained  by  determining  whether  this  direction 
is  Z  or  X.  For  the  determination  of  the  sign  by  this  method  the 
section  must  be  approximately  parallel  with  the  vertical  axis, 
and  the  crystal  outline  must  be  distinct.  But  by  the  use  of  con- 
vergent light,  the  determination  may  be  possible  without  the 
crystal  outline.  (See  6,  below). 

2.  By  the  quartz  wedge  in  parallel  polari::ed  light.  The 
use  of  the  quartz  wedge  (p.  58)  is  governed  by  the  same  prin- 
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ciples  as  the  use  of  the  quartz  of  sensitive  tint,  and  is  already  de- 
scribed on  page  65 .  It  is  to  be  inserted  in  the  same  manner  and 
under  the  same  conditions.  Its  various  colors  are  raised  or 
lowered  in  the  color  scale  of  Newton  precisely  as  in  the  use  of 
the  quartz  of  sensitive  tint,  and  the  changes  indicate  the  same. 

3.  With  the  quarter-undulation  mica-opiate  in  parallel  polarized 
light.  This  is  simply  a  cleavage  leaf  of  muscovite  of  such  thick- 
ness as  to  produce  a  retardation  of  a  quarter  of  a  wave-length, 
i.  e.,  about  two  of  the  larger  vertical  divisions  of  the  colored  plate 
of  Michel  Levy.  It  is  mounted  in  the  same  way  (figure  60), 
and  an  arrow  shows  the  direction  of  the  least  axis  of  ether  vi- 
bration (Z)  at  45**  with  the  long  sides  of  the  plate. 

The  principle  is  the  same  as  that  of  the  use  of  the  quartz 
plates  above,  i.  e.,  when  the  coinciding  axes  of  the  mica-plate  oiid 


Fiff .  60-    Quarter-undulation  Mica  Plate. 

of  the  mineral  are  the  same  (Z),  the  double  refraction  is  in- 
creased in  proportion  to  the  resultant  thickness  of  the  two  plates 
and  the  color  of  the  section  rises  through  two  of  the  larger,  ver- 
tical divisions  of  the  scale  of  Newton,  as  represented  by  Michel 
Levy.  If  they  are  not  the  same  the  color  falls  the  same  amount. 
It  should  be  noticed  that  with  the  quartz  plates  the  point  of  de- 
parture is  the  color  of  the  quartz,  but  with  the  mica-plate  the 
comparison  is  made  with  the  color  of  the  section  examined. 

The  mica-plate  is  useful  with  sections  that  give  a  retardation 
of  more  than  a  third  of  a  wave-length ;  that  is  to  say,  those  that 
exceed  the  white  of  the  first  order  of  Newton's  scale.  Its  use 
is  hence  supplementary  to  that  of  the  quartz  of  sensitive  tint. 

All  the  foregoing  processes  in  parallel  polarized  light  fail  in  a 
case,  fortunately  very  rare,  where  the  section  studied  is  extremely 
doubly  refracting,  and  falls  in  the  upper  grays  of  the  fourth  or- 
der. In  order  to  determine  the  sign  of  such  a  substance,  it  is 
necessary  to  resort  to  processes  dependent  on  convergent  light. 

Still  the  quartz  wedge  can  be  used  to  good  advantage  in  parallel 
light  when  the  interference  color  of  the  section  examined,  is  not 
higher  than  the  colors  given  on  the  color  plate  of  Michel  Levy, 
especlilly  when  not  higher  than  the  fourth  order.    In  this  case. 
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when  the  axis  (Z)  of  the  wedge  is  parallel  with  the  smaller  axis 
of  ether  vibration  in  the  section  the  colors  will  rise  as  the  wedge 
is  pushed  forward,  through  higher  orders,  but  will  be  almost  in- 
distinguishable; when  these  axes  are  at  right  angles  to  each 
other  the  colors  will  fall  as  the  wedge  moves  forward,  until  they 
come  to  those  which  can  easily  be  distinguished  (colors  of  the 
third  or  even  of  the  second  order), 

4.  With  the  quarter-undulation  mica-plate  in  convergent 
Itght  (p.  67),  The  examination  is  made  on  the  interference 
figure  which  is  produced  in  sections  perpendicular  to  the 
optic  axis  (figure  56).  When  the  mica-plate  (figure  60),  is 
introduced  in  the  usual  manner,  say  with  its  axis  NE  and  SW, 
the  davk  cross  of  the  interference  figure  is  destroyed,  and  in  its 
place  is  seen  a  dim  white  cross;  at  the  same  time  two  dark  spots 
appear  in  opposite  quadrants.  If  the  line  uniting  these  dark 
spots  be  parallel  with  the  direction  of  the  arrow  of  the  mica- 
plate  (NE  and  SW),  the  mineral  is  c^icalty  negative  (p.  64). 
If  it  form  a  cross  with  the 
direction  of  the  arrow  (i.  e., 
the  sign  plus),  it  is  optically 
positive.  The  colored  rings 
of  the  interference  figure,  if 
—H  present,  are  disjointed  at  four 

,  ^  /  places,  and  divided  into  four 

■"^^rf/,'  quadrants,  two  of  which  are 

further  removed  from  the  cen- 
tre than  the  other  two,  giving 
an  appearance   of   elongation 
^■*i'  _  in  a  direction  parallel  to  the 

--^^mE^^SSI"^  line   uniting   the   dark   spots, 

""'*'■  while  the  other  two  quadrants 

are  brought  nearer  the  centre,  as  shown  in  figure  61. 

These  changes  in  the  rings  are  caused  by  the  change  in  the 
relative  phase  of  the  vibrations  as  they  pass  the  mica-plate.  The 
original  symmetry  of  the  interference  figure  is  due  to  the  sym- 
metry of  structure  of  the  crystal  about  the  vertical  axis,  which 
requires  the  interference  of  vibrations  of  like  phase  to  fall  at 
points  equally  distant  round  about  the  axis,  producing  the  col- 
ored rings.  The  two  axes  of  ether  vibration  which  are  in  the 
mica-plate  act  upon  their  corresponding  quadrants,  either  in- 
creasing the  refraction  or  diminishing  it,  and  throwing  the  colors 
in  directions   at  right  angles. 
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In  those  quadrants  where  the  colors  are  moved  further  from 
the  centre  of  the  figure,  the  black  spots  appear.  In  these  quad- 
rants the  effect  of  the  mica-plate  is  to  counteract  (instead  of  in- 
crease) the  effect  of  the  mineral  plate  upon  the  light.  Therefore, 
at  the  points  in  these  quadrants  where  the  effect  of  the  mineral 
plate  vould  be  to  retard  one  of  the  rays  of  light  one  quarter  of 
a  wave-length  behind  the  other,  producing  a  grayish-white  color, 
the  mica-plate  which  retards  the  other  ray  a  quarter  of  a  wave- 
length, counteracts  this  effect  and  produces  dark  spots. 

5.  With  the  quartz  of  sensitive  tint  in  convergent  light.  When 
the  interference  figure  is  much  expanded  as  from  a  thin  section 
of  a  mineral  of  low  birefringence  the  dark  spots  may  be  wholly 
outside  the  field.  In  this  case  a  quartz  plate  may  be  inserted; 
two  opposite  quadrants  will  then  be  colored  yellow  and  the  other 
two  blue.  The  yellow  quadrants  may  be  used  in  the  same  man- 
ner as  the  dark  spots. 

6.  With  the  sensitive  tint,  mica  plate,  or  quartz  wedge  in  con- 
vergent light.  When  the  section  is  parallel  with  the  optic  axis 
the  interference  figure  is  not  a  simple  black  cross,  but  is  very 
similar  to  a  biaxial  interference  figure  in  a  section  normal  to  an 
obtuse  bisectrix.  (See  page  71).  In  such  an  interference  figure 
the  hyperbolas  always  leave  the  field  in  those  quadrants  in  which 
the  optic  axis  lies.  Since  these  hyperbolas  are  always  somewhat 
vague  and  move  quickly  across  the  field  careful  observation  is 
necessary.  When  the  field  of  the  interference  figure  shows  col- 
ors another  fact  may  be  of  assistance.  The  interference  colors 
for  points  in  the  quadrants  containing  the  optic  axis  are  lower 
than  for  corresponding  points  in  the  other  quadrants.  When  the 
position  of  the  optic  axis  is  once  determined  the  sign  can  be 
obtained  by  any  one  of  the  methods  described  above  for  parallel 
polarized  light. 

Uniaxial  Minerals  are  positive  when  the  index  of  refraction  of 
ordinary  ray  (O)  is  less  than  that  of  the  extraordinary  ray  (E)  ; 
and  they  are  negative  when  it  is  greater.  For  light  perpendicu- 
lar to  the  optic  axis  the  undulations  of  the  ordinary  ray  (O)  are 
transverse  to  that  axis,  and  those  of  the  extraordinary  rBf'(E) 
are  parallel  to  It. 
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BIAXIAL  MINERALS. 


THE  ORTHORHOMBIC  SYSTEM  AND  POLARIZED  LIGHT. 

Biaxial  minerals  derive  their  name  from  the  fact  that  they 
have  two  optic  axes  (p.  45).  Light  passing  through  the  crystal 
in  the  direction  of  either  one  of  these  axes  produces  ether  vibra- 
tions with  equal  ease  in  any  direction  perpendicular  to  its  line 
of  propagation.  Such  light,  therefore,  suffers  no  double  refrac- 
tion. Sections  cut  perpendicular  to  these  directions  remain  dark 
between  crossed  nicols  during^  complete  revolution. 

The  optic  axes  of  biaxial  minerals  never  coincide  in  position 
with  any  of  the  crystallographic  axes ;  but  in  orthorhombic  crys- 
tals they  always  lie  in  a  plane  containing  two  of  these  axes. 

Orthorhombic  minerals  have  three  axes  of  ether  vibrations 
(p-  53)  >  parallel  to  the  crystallographic  axes,  but  the  position  of 
the  optic  axes  varies  with  the  mineral. 

The  greatest  and  least  axes  of  ether  vibration  have  already 
been  defined  (p.  S3).  ^ 

In  biaxial  minerals  there  is  also  a  iti^n  axis  of  ether  vibration. 
This  is  denoted  by  Y,  or  in  French  texts  by  Hm,  and  in  German 
by  b.  The  index  of  refraction  of  light  propagated  in  this  direc- 
tion is  expressed  by  f^m,  or  in  German  by  p.  This  axis  is  known 
also  as  the  optic  normal. 

The  direction  of  X  may  be  the  p 

same  as  that  of  c  or  o  or  h,  the 
directions  of  Y  and  Z  varying 
accordingly;  depending  on  the 
habit  of  the  mineral  considered; 
the  only  invariable  relation  be- 
ing that  of  standing  at  right  an- 
gles to  each  other,  parallel  to  the 
crystallographic  axes. 

Let  figure  62  represent  the 
three  planes  of  crystallographic 
symmetry  of  an  orthorhombic 
crystal  (p.  32),  in  its  conven- 
tional position,  (p.  19,  fig.  7) 
with  c^b.  These  planes  contain 
the  crystallographic  axes  a,  b,  c. 
In  the  figure  the  characters  X,  Y, 
Z  indicate  the  directions  of  the 
greatest,  mean  and  least  axes  of 


Fig.   62. 

Symmetry    Planes     of    an    Orthorhombic 
Crystal  in  its  conventional  Position. 
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ether  vibration  respectively.  These  axes  of  ether  vibration  are 
perpendicular  to  the  direction  of  propagation.  Light  which 
travels  parallel  to  X  is  said  to  vibrate  in  the  plane  which  contains 
Y  and  Z.  That  propagated  parallel  to  Z  vibrates  in  the  directions 
X  and  Y,  etc. 

When  light  falls  obliquely  upon  a  surface  of  a  crystal  section 
in  a  direction  oblique  to  X  or  to  Z  it  is  divided  into  two  parts 
by  double  refraction,  one  part  advancing  in  a  different  direction 
from  the  other  part,  the  two  vibrating  at  right  angles  to  each 
other  as  in  uniaxial  crystals  (p.  54). 

Optic  axial  plane.  That  plane  which  contains  the  greatest 
and  least  axes  of  ether  vibration  (X  and  Z)  also  contains  the 
two  optic  axes  and  hence  is  called  the  optic  axial  plane,  or  the 
optic  plane.  This  plane,  as  represented  in  figure  62,  also  obviously 
contains  the  crystallographic  axes  b  and  c. 

Bisectrices.  The  optic  axes  cross  each  other  at  the  point  of 
intersection  of  the  optic  plane  with  the  other  planes  of  symmetry ; 
i.  e.,  at  O  in  figure  62,  making  equal  angles  on  opposite  sides  of 
the  axes  X  and  Z.  Hence  X  and  Z  are  called  bisectrices.  The 
optic  axes  may  be  in  the  positions  of  the  lines  ee,  e'e\  in  which 
the  angle  e  0  e  has  any  size  less  than  90°  or  may  have  the  position 
e"  e\  e"'  e"  in  which  the  angle e"  O  e"  is  any  angle  less  than  90*. 

When  X  bisects  the  acute  angle  of  the  optic  axes  it  is  the  acvtie 
bisectrix.  When  Z  bisects  it,  Z  is  the  acute  bisectrix.  When  one 
or  the  other  bisects  the  obtuse  angle,  it  is  called  the  obtuse  bisec- 
trix. 

A  Biaxial  crystal  is  optically  positive  when  Z  is  the  acute 
bisectrix,  and  negative  when  X  is  the  acute  bisectrix. 

Thin  sections  of  biaxial  minerals  perpendicular  either  to  an 
acute  bisectrix  or  an  optic  axis,  viewed  in  parallel  polarized  light, 
show  lower  interference  colors  than  others  of  the  same  mineral, 
even  to  darkness,  and  those  perpendicular  to  the  latter  do  not 
greatly  change  on  rotation  between  crossed  nicols.  This  circum- 
stance frequently  renders  it  possible  to  distinguish  them  when 
cut  in  the  same  rock  section  with  many  others  of  the  same  min- 
eral at  differing  angles,  without  resort  to  convergent  light. 

Relative  interference  colors  of  definite  sections.  The 
interference  colors  in  sections  of  biaxial  minerals  which  are 
normal  to  the  optical  elements  grade  downward  in  the  following 
order : — 
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1.  Optic  normal 

2.  Obtuse  bisectrix 

3.  Acute  bisectrix 

4.  Optic  axis 

These  sections  exhibit,  for  any  given  mineral  the  greatest 
possible  range  of  interference  ccdors. 

The  optic  axis  in  convergent  light.  The  interference 
figure  of  a  single  optic  axis  of  a  biaxial  mineral,  formed  by  con- 
vergent p^darized  light,  is  different  front  that  of  the  optic  axis 
of  uniaxial  minerals  (p.  51).  It  consists,  when  complete,  of-  con- 
centric colored  curves  crossed  by  a  single  dark  bar.  In  many 
cases,  however,  only  the  dark  bar  is  observable.  This  bar  when 
straight  shows  the  direction  of  the  optic  plane  with  which  it  is 
parallel.  On  rotation  it  is  slightly  bent,  forming  the  apex  of  a 
hyperbola  whose  convexity  is  turned  toward  the  acute  bisectrix. 
On  further  rotation  it  becomes  straight  again  when  the  plane  of 
the  optic  axes  is  parallel  with  the  principal 
section  of  either  nicol.     (See  figure  63). 

The  bisectrix  in  convergent  light, 
INTERFERENCE  FIGURE.  When  the  sectiou 
is  perpendicular  to  a  bisectrix,  and  the  optic 
angle  is  not  too  great,  both  optic  axes  ap- 
4)ear  in  the  interference  figure,  the  bisectrix 
being  in  the  centre  of  the  field  between  them.  The  appearance 
then  is  shown  by  figure  64.  Here  a  dark  cross  appears  in  the 
centre  of  the  field.    Its  arms  vary  in  size.    That  line  which  passes 
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Fig.  65. 

BiKitrii  Interftnncc  F^surc  al  K". 
through  the  optic  axes  is  less  broad  than  that  which  passes  be- 
tween them,  and  its  extremities  widen  out  in  the  margin  of  the 
field.  The  bisectrix  is  at  the  point  where  these  bars  cross.  The 
trace  of  the  optic  plane  is  the  hne  which  passes  through  the  loci 
of  the  optic  axes  and  the  bisectrix. 
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On  rotation  of  the  thin  section  in  convergent  light  this  inter- 
ference figure  rotates  and  undergoes  important  transformations.* 
The  dark  bars  separate  into  two  hyperbolas  whose  summits  re- 
cede from  each  other  toward  the  margin  of  the  field,  and  beyond 
it  if  the  (^tic  axes  arc  not  in  view.  They  bend  through  the 
colored  curves  surrounding  the  optic  axes,  and  become  a  straight 
bar  again  when  the  plane  of  the  optic  axes  is  in  agreement  with 
either  nicol.  The  hyperbolic  summits  are  at  their  most  distant 
positions  after  a  rotation  of  45°,  as  in  figure  65.  At  the  same  time 
the  colors  in  the  lemniscates  revcrfve,  without  change  of  shape, 
about  the  bisectrix. 


•  The  readleat  way  to  obMrva  the  Interference  flguro  ol  biaxial  mlneralB, 
la  to  take  »  tlibi  rouacovlte  plate,  wlilch,  without  further  prepu&tfaiD.  will 
■how,  between  cnHsed  nlcoli.  In  converK«nt  light,  a  perfect  flcure,  irlth 
both  optic  axes  in  the  Held. 
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Measurement  of  the  optic  angle.  The  size  of  the  optic 
angle  is  an  important  optical  character  for  the  determination  of 
biaxial  minerals.  When  it  is  very  large  it  cannot  be  measured 
directly  by  the  microscope,  but  when  it  is  so  small  that  both  of 
the  axes  appear  within  the  field  of  the  microscope  in  convergent 
light,  it  can  be  measured  readily.  If  the  object  be  immersed  in  a 
strongly  refracting  liquid,  by  a  drop  placed  on  the  converging 
lens  and  another  below  the  objective,  both  optic  axes  may  some- 
times be  brought  into  view.  For  this  purpose  iodide  of  methylene 
is  useful. 

The  conventional  symbol  for  the  optic  angle  is  2V.  When  it  is 
measured  in  air  it  has  an  apparent  angle  which  is  denoted  by  2E. 
It  is  represented  by  2H  when  measured  in  oil,  and  by  2!  meas- 
ured in  methylene  iodide  (Brauns*  solution  p.  38). 

Figure  66  represents  an  apparatus  devised  by  Lacroix  for 
measuring  the  optic  angle  in  air.  It  can  be  used  on  any  micro- 
scope of  Nachet,  and  can  be  adjusted  to  other  microscopes.  It 
is  inserted  in  the  upper  end  of  the  body  of  the  microscope  in  the 
place  of  the  ocular.  It  contains  a  Bertrand  lens  at  D  (p.  64) 
for  magnifying  the  interference  figure,  but  if  the  microscope  have 
one  already  fitted  to  the  lower  end  of  the  upper  tube,  it  is  better 
to  remove  the  lower  part  of  this  instrument,  and  with  it  the  Ber- 
trand lens,  in  order  to  increase  the  delicacy  of  the  measurement 
by  enlarging  the  figure.  When  thus  separated  the  lower  lens  F, 
of  the  detached  eye-piece,  should  be  screwed  into  the  lower  end 
of  the  remaining  eye-piece  of  the  goniometer.  Thus  adjusted 
it  is  to  be  used  in  conjunction  with  the  Bertrand  lens  placed  at 
U,  figure  55. 

When  the  interference  figure  is  perfect,  and  the  axial  gonio- 


Fig.  67. 
Measiirement  of  the  Optic  Angle. 


meter  in  position,  the  revolution  of  the  graduated  wheel  B,  which 
is  independent  of  that  of  A,  will  serve  to  bring  one  of  the  movable 
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threads  into  the  central  pofnt  of  one  of  the  optic  axes.  Then  by 
the  proper  rotation  of  A,  which  also  carries  the  graduated  rim 
B,  this  thread  can  be  made  to  move  slowly  across  the  field  and  to 
occupy  a  similar  position  over  the  other  optic  axis.  The  number 
of  revolutions,  and  parts  of  revolutions,  can  be  read  by  compari- 
son with  the  zero  point  of  the  vernier  scale  at  E. 

Example  for  the  Measurement  of  the  Optic  Angle. 

In  figure  67  let  O  be  the  point  of  crossing  of  the  optic  axes 
in  the  thin  section  of  a  biaxial  mineral  AB.  Let  2V  represent 
the  acute  axial  angle,  and  2E  the  same  angle  in  air.  The  angle 
COD  is  one-half  of  2E,  or  E,  The  distance  between  C  and  D 
is  the  sinii. 

It  is  evident  that  the  value  wanted  is  the  distance  2  sin  £.  Sup- 
pose that  on  trial  with  a  thin  section  of  muscovite  it  is  found  that 
the  distance  2  sin  E  is  divided,  by  the  revolution  of  the  graduated 
rim  B,  (figure  66),  into  1430  parts.  As  these  parts  have  no 
known  value  it  is  necessary  to  compare  them  with  a  standard. 
Such  a  standard  is  found  in  a  mineral  whose  optic  angle  has 
been  previously  determined  by  other  means.  For  instance,,  if 
the  optic  angle  2E  in  another  specimen  of  muscovite  is  known 
to  be  71°,  then  E  =  35*"  30'. 

Let  the  unknown  distance  between  the  optic  axes  in  this  mus- 
covite be  represented  by  2d,  and  let  the  unknown  ratio  between 
the  units  in  the  number  1430  and  those  in  2d  be  represented  by  M 

Then 

r-  d      jijf.  d 

sm  E  —  T^:M  = 


M'  sin£ 

On  measuring  2d  in  this  muscovite  it  may  be  found  to  be  1525. 

Hence,  M  =  -^ — ^ — ,, 

sin  35°  30' 

Log  M  =  log  762.5 — log  sin  35**  30';  log  M  =  3.12085. 

Therefore,  in  the  original  specimen 

log  sin  E  =^  log  715—31 2085  =  T.73346 
E  =  32**  46'  31" 
2E  =  65*  33'  2" 
The  optic  angle  in  muscovite  may  vary  30**. 
In  making  such  measurements  it  is  necessary  to  use  always 
the  same  objective,  and  to  employ  the  same  constant  (Af )  ascer- 
tained for  the  microscope  in  use,  which  may  be  kept  in  its  loga- 
rithmic form.    As  the  apparent  size  of  the  interference  figure  de- 
pends on  the  position  of  the  Bertrand  lens,  it  is  necessary  to 
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have  the  value  of  M  for  several  positions  of  that  lens.  Hence, 
it  is  convenient  to  make  a  small  scale  on  the  body  of  the  tube 
(as  at  S.  figure  54)  by  means  of  which  the  lens  may  be  fixed  in 
the  same  positions  as  when  M  was  established  as  the  standard 
of  comparison.  M  thus  will  have  a  value  for  each  position.  This 
method  is  applicable  to  the  optic  angle  in  the  other  crystallo- 
graphic  systems.  . 

When  2E  is  known  the  value  oi  2V  can  be  calculated  from 
the  mean  index  of  refraction  by  means  of  the  relation  sin£  = 
nm  sin  V*, 

Laboratory  illustrations:  The  student  should  get  a  correct  idea  of  the 
optic  plane  and  of  the  elemen'cs  that  determine  its  position;  viz:  the  optic 
axes  and  the  bisectrices.  He  should  study  thin  sections  of  muscovite,  and 
of  other  minerals  cut  perpendicular  to  a  bisectrix,  and  should  measure, 
by  the  use  of  the  Lacroix  axial  goniometer,  the  optic  angle  in  air,  of  one 
or  more  minerals;  and  then  measure  the  same  in  oil. 

DETERMINATION  OF  THE  OPTICAL  SIGN  IN  BIAXIAL 

MINERALS. 

A  biaxial  mineral  is  positive  or  negative  according  to  whether 
the  acute  bisectrix  is  Z  or  X.  Thus,  in  figure  62,  if  the  optic 
angle  e  0  e  he  acute  and  contain  the  bisectrix  X,  the  crystal  is 
negative.  If  the  acute  optic  angle  e" o  e"  be  so  situated  as 
to  contain  the  bisectrix  Z  the  crystal  is  positive  (p.  71).  There- 
fore the  determination  of  the  optical  sign  of  a  biaxial  mineral 
requires  not  only  the  distinction  of  the  acute  from  the  obtuse 
bisectrix,  but  also  the  distinction  of  X  from  Z  (as  of  O  from  E 
in  uniaxial  crystals). 

Distinction  between  the  acute  and  obtuse  bisectrices.  The  dis- 
tinction between  the  acute  and  the  obtuse  bisectrices  is  sometimes 
very  simple,  and  at  other  times  more  difficult.  Whenever  the 
optic  angle  is  so  small  that  both  optic  axes,  or  even  one  optic 
axis  and  the  bisectrix,  remain  in  the  field  during  a  complete  revo- 
lution the  section  is  perpendicular  to  the  acute  bisectrix.  But 
when  the  optic  angle  is  larger  it  is  generally  necessary  to  find 
sections  perpendicular  respectively  to  X  and  to  Z  (and  there- 
fore to  the  two  bisectrices),  and  make  comparisons  between  them. 
As  stated  on  page  71  the  section  perpendicular  to  the  acute  bisec- 
trix will  show  a  lower  interference  color  than  that  perpendicular 
to  the  obtuse  bisectrix,  provided  the  sections  are  of  equal  thick- 
ness.    Furthermore,  the  angle  of  rotation  between  the  position  of 

♦  For  a  full  description  of  all  microscopic  methods  of  measurement  of  the 
optic  axial  angle,  see  F.  E.  Wright.  Am.  Jour.  8c.  Oct.  1907. 
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the  black  cross  and  the  position  where  the  summits  of  the  hyper- 
bolas are  tangent  to  the  edge  of  the  field  can  be  measured,  and 
this  angle  for  a  given  mineral  is  larger  in  a  section  perpendicular 
to  the  acute  bisectrix  than  in  one  normal  to  the  obtuse  bisectrix. 
If  the  angle  is  more  than  30**  or  35**  the  section  is  normal  to  the 
acute  bisectrix;  if  it  is  less  than  15**  or  20**,  it  is  perpendicular 
to  the  obtuse  bisectrix  (or  to  the  optic  normal).  Finally,  if  an 
immersion  objective  of  large  angle  is  available  the  optic  angle 
can  be  measured  by  the  method  described  on  page  75 ;  the  acute 
angle  is  of  course  always  less  than  90**. 

Distinction  between  the  axes  X  and  Z.  It  is  to  be  remembered 
that  ng  >  nm  >  np  to  which  the  axes  Z,  Y,  X,  correspond  respec- 
tively. The  problem  consists  in  comparing  the  velocity  in  the  di- 
rection of  the  axis  to  be  determined  with  that  in  the  direction  of  a 
known  velocity  in  another  mineral.  It  is  also  to  be  remembered 
that  the  interference  color  depends  not  alone  on  the  mineral 
studied  but  also  on  the  thickness  of  the  section  (p.  55).  When 
it  is  further  remembered  that  the  relative  retardation  is  indicated 
by  the  relative  positions  of  the  colors  produced  in  the  scale  of 
Newton,  the  apparatus  used  with  uniaxial  minerals  (p.  65)  can 
be  applied  to  the  solution  of  the  problem.  It  is  accomplished  in 
several  ways: 

I.  With  the  quartz  of  sensitive  tint  in  parallel  polar- 
ized LIGHT  (p.  65).  The  process  is  similar  to  that  with  uniaxial 
minerals.  It  is  necessary  that  the  section  examined  be  parallel 
to  the  axial  plane;  i.  e.,  perpendicular  to  the  optic  normal  (Y). 
The  axes  of  ether  vibration  in  the  quartz  plate  are  to  be  con- 
sidered Z,  in  the  direction  of  the  arrow,  and  X  perpendicular  to 
it.  When,  on  superposition  of  the  quartz  plate  so  that  its  axis 
Z  coincides  with  an  axis  of  the  mineral  in  the  thin  section, 
both  being  at  45°  with  the  nicols,  the  resultant  color  is  higher 
than  the  sensitive  tint  of  the  quartz,  the  axes  in  agreement  are  the 
same;  i.  e.,  they  are  both  Z.  When  the  color  falls  below  the 
sensitive  tint  the  mineral  contains  X  in  agreement  with  Z  in  the 
quartz  plate.  This  determines  the  positions  of  the  two  axes  and 
if  Z  lie  in  the  acute  optic  angle  the  mineral  is  positive. 

To  determine  in  which  quadrants  the  acute  bisectrix  lies  for 
a  given  position  of  the  stage  recourse  is  had  to  the  interference 
figure  in  convergent  light.  This  interference  figure  resembles 
that  given  by  a  section  normal  to  an  obtuse  bisectrix,  but  is  less 
distinct,  and  hyperbolas  may  be  visible  in  all  four  quadrants  if 
the  optic  angle  is  large.     But  in  all  cases  (except  the  limiting 
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case  2F  =  90*)  the  hyperbolas  leave  the  field*  more  slowly  in 
those  quadrants  in  which  the  acute  bisectrix  lies  than  in  those 
containing  the  obtuse  bisectrix.  If  only  two  hyperbolas  are  ob- 
served they  are  in  the  quadrants  containing  the  acute  bisectrix. 
Furthermore,  the  interference  colors  for  points  in  the  quadrants 
containing  the  acute  bisectrix  are  lower  than  those  for  corres- 
ponding points  in  the  other  quadrants. 

The  quarter-undulation  mica-plate  can  be  used  in  the  same 
manner  as  with  uniaxial  minerals  to  determine  the  directions  of 
the  axes  X  and  Z,  the  section  being  perpendicular  to  the  optic 
normal. 

2.  In  convergent  light  with  the  interference  figure. 
If  the  thin  section  be  perpendicular  to  one  of  the  bisectrices,  the 
other  bisectrix  is  in  the  thin  section  itself  along  with  the  optic 
normal  Y.  It  is  to  be  determined  whether  Z  or  X  is  thus  asso- 
ciated with  Y  in  the  section.  The  process  is  similar  to  the  fore- 
going; the  section  is  brought  into  such  position  that  the  optic 
plane  (p.  72)  stands  45®  from  the  principal  sections  of  the  nicols, 
and  the  quartz  plate  is  interposed  between  the  nicols  with  its  axis 
Z  parallel  with  the  optic  plane  of  the  mineral.  If  the  color  rise 
above  that  of  the  quartz  plate,  Z  is  in  the  section  with  Y,  and  X 
is  perpendicular  and  between  the  optic  axes.  If  the  color  fall  X 
is  in  the  section  with  Y,  and  Z  is  perpendicular  and  between  the 
optic  axes.  In  both  of  these  cases,  if  the  axis  X  is  in  the  acute  optic 
angle,  the  crystal  is  negative ;  and  if  Z  is  in  the  acute  optic  angle, 
it  is  positive.  (See  fig.  68.)  The  same  colors  and  changes  are 
sometimes  more  perceptible  when  viewed  through  the  ocular. 
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Fig.  68. 
Use  of  the  Quartz  Plate  in  determining  the  Optical  Sign. 

3.  By  the  quartz  wedge  in  convergent  light.  The  thin 
section  must  be  perpendicular  to  the  acute  bisectrix,  showing  an 
interference  figure.    This  figure  is  brought  into  the  diagonal  posi- 


♦  F.  E.  Wright.  Am.  Jour.  Sc.  Vol.  XX.  1905.  p.  285. 
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lion  with  respect  to  the  nicols,  and  the  quartz  wedge  is  interposed, 
with  its  thin  edge  in  advance,  in  such  a  way  that  the  direction  of 
the  arrow  agrees  with  that  of  a  line  passing  through  the  optic 
axes  of  the  interference  figure.  If  the  crystal  be  positive,  as  the 
thicker  parts  of  the  wedg^e  are  successively  interposed  the  colors 
of  the  interference  figure  evolve  from  the  optic  axial  spots, 
widen  out  and  move  toward  the  centre  where  they  spread  into 
the  outer  colored  margins  tliat  surround  the  whole  figure.  If 
the  crystal  be  negative,  the  movement  of  the  colors  is  from  the 
centre  of  the  figure  toward  the  axial  spots. 

4.  WlXn  THE  QUARTER-UNDULATION  MICA-PLATE  IN  CONVER- 
GENT LIGHT,  (p.  67).  This  plate  is  perpendicular  to  the  negative 
bisectrix  X.  It  contains  therefore,  Z  and  Y;  and  the  direction 
of  Z  is  necessarily  coincident  with  the  trace  of  the  plane  of  the 
optic  axes  which  always  contains  the  greatest  and  least  indices. 
The  arrow  indicates  the  direction  of  Z,  at  45®  from  the  sides  of 
the  plate  (figure  60). 

When  a  biaxial  thin  section  perpendicular  to  a  bisectrix  is  ex- 
amined with  the  mica-plate  inserted  in  the  usual  way,  whatever 
the  position  of  the  thin  section,  there  is,  with  a  negative  mineral 
{p.  76)  an  apparent  lengthening  of  the  interference  figure  in 
the  direction  of  the  arrow  on  the  mica-plate.  It  is  best  observed 
when  the  optic  plane  is  parallel  with  one  nicol.  In  this  case  the 
dark  spots  will  appear  in  the  quadrants  through  which  the  arrow 
passes,  the  line  connecting  them  forming  an  angle  less  than  45® 
with  the  arrow.  The  reverse  takes  place  with  a  positive  mineral, 
viz.,  there  is  a  shortening  in  the  direction  of  the  arrow,  and  the 
line  connecting  the  dark  spots  forms  an  angle  greater  than  45° 
with  the  arrow.  Thus,  the  line  connecting  the  dark  spots  forms 
an  approximate  minus  or  plus  sign  with  the  arrow,  as  in  uniaxial 
minerals.  Another  method  has  been  given  lately  by  Iddings ;  i.  e., 
with  the  quarter-undulation  mica-plate  in  sections  perpendicular 
to  an  optic  axis.  The  section  is  to  be  placed  with  its  optic  axial 
plane  at  45*  with  the  nicols;  the  hyperbola  will  then  be  convex 
toward  the  acute  bisectrix.  If  the  mica-plate  be  inserted  with  its 
axis  parallel  with  the  optic  plane  of  the  mineral,  the  hyperbola  will 
move  toward  the  obtuse  bisectrix  when  the  mineral  is  negative, 
and  toward  the  acute  bisectrix  when  the  mineral  is  positive. 

This  method  is  well  adapted  for  application  to  biaxial  minerals 
of  weak  birefringence,  for  example,  the  feldspars.  With  min- 
erals of  stronger  birefringence  it  may  be  seen  that  the  apparent 
motion  of  the  hyperbola  upon  the  insertion  of  the  mica  plate  is 
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due  to  its  disappearance  and  the  formation  of  a  black  dot  on  the 
side  toward  which  it  seems  to  move.  Therefore,  for  such  cases 
the  rule  can  be  stated  better  as  follows :  the  mineral  is  positive 
when  the  black  dot  appears  on  the  convex  side  of  the  hyperbola 
upon  insertion  of  the  mica  plate  with  its  axis  parallel  with  the 
optic  plane  of  the  mineral.  Wright*  has  shown  that  if  the  sensi- 
tive tint  plate  be  inserted  in  this  case  with  its  axis  parallel  with 
the  optic  plane  of  the  mineral,  the  latter  is  positive  if  a  blue  spot 
appears  on  the  concave  side  of  the  hyperbola,  and  negative  if  the 
blue  spot  appears  on  the  convex  side. 


EN  RESUME  OF  THE  OPTICAL  SIGN. 

The  principles  of  the  "optical  sign"  in  uniaxial  and  biaxial  min- 
erals may  be  graphically  represented  as  below:  figures  69,  70,  71, 
and  72. 


Fijjf.  69. 
Pttsitive  Uniaxial  Mineral  ■ 


Fig.  70. 
Negative  Uniaxial  Mineral . 


For  uniaxial  minerals.  'When  the  extraordinary  ray  is  at- 
tracted toward  the  normal  after  passing  the  plane  of  incidence, 
more  than  the  ordinary  ray,  the  mineral  is  attractive  or  positive, 
or  -j- ;  €  >  <i>,  as  in  zircon  or  quartz. 

In  this  case  Z  coincides  with  the  optic  axis:  light  vibrating  in 
this  direction  is  necessarily  the  E  ray,  for  which,  in  this  case,  the 
index  of  refraction  is  the  greater  one,  Wg;  the  extraordinary  ray 
travels  more  slowly  than  the  ordinary  ray. 

When  the  extraordinary  ray  is  less  attracted  toward  the  normal 
than  the  ordinary  ray,  or  is  repulsed,  as  it  were,  the  rtKineral  is 
negative,  or  — ;  €  <  O),  as  in  calcite. 


•  F.  E.  Wrlgrht.  Ant.  Jour.  8c.  Vol.  XX.  1905.  p.   285. 
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In  this  case  X  coincides  with  the  optic  axis:  for  the  E  ray, 
vibrating  in  this  direction,  the  index  refraction  is  the  least  n,; 


Podtire  majAal  Mineral . 


Riff.  72. 
Neffatire  Kaxial  Miiienl. 


the  extraordinary  ray  moves  more  rapidly  than  the  ordinary. 

For  biaxial  minerals.  When  Z  is  the  acute  bisectrix  it  is  called 
positive,  and  the  mineral  is  also  positive,  or  +,  as  augite. 

When  X  is  the  acute  bisectrix  it  is  called  negative,  and  the  min- 
eral is  also  negative,  as  mwscovite. 


DISPERSION  OF  THE  AXES  IN  THE  ORTHORHOMBIC 

SYSTEM. 

It  has  been  stated  that  in  convergent  light  the  colors  of  the  in- 
terference figures  are  caused  by  the  difference  of  phase  of  differ- 
ent rays  brought  together  by  the  analyzer  so  as  to  interfere 
(p.  46).  The  manner  of  distribution  of  these  colors  is  character- 
istically different  for  the  different  crystallographic  systems  of  bi- 
axial minerals.  The  rays  that  emerge  after  the  interference  are 
distributed  about  the  optic  axes,  which  are  represented  by  the  two 
central  points  in  the  systems  of  rings  in  the  interference  figure. 
The  phenomena  of  the  relative  positions  of  the  red  and  violet  rays 
are  caused  by  the  dispersion  of  the  optic  axes.  Sometimes  the  red 
rays  have  the  greater  optic  angle  and  sometimes  the  violet  rays. 
These  relations  are  expressed  respectively  by  p  >  z;  and  p  <v. 

Rhombic  dispersion.  In  the  orthorhombic  system  these  colors 
arc  symmetrically  placed  with  respect  to  the  bisectrix,  and  on 
rotation  of  the  section  they  symmetrically  follow  the  summits  of 
the  hyperbolas.  They  are  best  examined  when  the  section  is  either 
in  the  normal,  or  in  the  diagonal  position  (45**). 

Neglecting  all  other  colors  the  attention  is  directed  to  the  red 
and  the  violet  rings  which  surround  the  loci  of  the  optic  axes 
when  the  interference  figure  is  in  the  normal  position.  Of  these 
the  innermost  ring  is  noted,  whether  it  be  red  or  violet.  .  If  the 
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ring  be  not  entirely  of  one  color,  either  red  or  violet,  it  is  to  be 
noted  which  color  occupies  that  portion  of  it  which  is  nearest  the 
point  of  emergence  of  the  bisectrix.  If  the  innermost  ring,  or  that 
portion  of  it  nearest  the  bisectrix  be  red,  then  p  <v.  If  it  be 
violet,  then  p>  v. 

When,  in  the  normal  position,  the  dark  cross  obscures  the  col- 
ors, the  examination  will  be  made  in  the  oblique  position.  In 
that  position  it  is  to  be  noted  which  color  lies  nearest  the  dark 
hyperbola  on  the  concave  side.  If  it  be  red  then  p  <v,  and  vice 
versa.    It  is  sometimes  so  faint  as  to  be  hardly  observable. 

Use  op  red  and  blue  light.  The  dispersion  of  the  optic  axes 
may  sometimes  be  examined  more  expeditiously  by  the  use  of 
colored  glasses.  On  a  slide  which  accompanies  the  Nachet  mi- 
croscope are  mounted  small,  square,  colored  glasses,  red  and 
violet.  The  slide  is  inserted  in  the  slot  (U.  figure  54),  in  order 
to  produce  a  red  or  a  violet  field.  The  effect  is  to  produce,  with 
the  red  glass,  dark  rings  where  the  blue  occurs  in  the  interference 
figure,  and  where  the  red  occurs  with  the  violet  glass,  these  colors 
being  mutually  complementary.  The  examination  consists  in 
making  a  comparison  of  these  dark  rings,  bearing  in  mind  that 
the  dark  rings  produced  by  the  red  glass  correspond  to  the  posi- 
tion of  the  blue  rings  of  the  interference  figure,  and  vice  versa. 
By  quickly  shifting  the  slide  so  as  to  change  back  and  forth  from 
red  to  violet,  the  shapes  and  positions  of  the  concentric  dark 
rings  surrounding  the  loci  of  the  axes,  undergo  sudden  changes, 
and  can  easily  be  contrasted  (figure  73).  When  p  >  z/  the  outer- 
most black  ring  seen  when  the  field  is  red  is  elongated  and  fur- 
ther removed  from  its  fellow  in  the  other  end  of  the  figure  than 
when  the  field  is  blue.    The  reverse  takes  place  when  p  <  v. 


Fig.  73.    Rhombic  Dispersion . 

Barite,  cordierite,  olivine,  are  examples  of  the  orthorhombic  min- 
erals having  p  <.  v,     Aragonite,  staurolite,  cerussite  have  p  >  v. 

OBSERVATION   OF  PARTIAL  INTERFERENCE  FIGURES. 

The  interference  figure  produced  in  convergent  light  is  one 
of  the  most  useful  of  the  optical  phenomena  of  minerals.  In  rock 
sections  containing  numerous  grains  of  the  same  mineral,  either 
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an  entire  or  partial  interference  figure  may  usually  be  found. 
"^Tien  once  found  it  serves  various  purposes,  as  may  be  seen  by 
the  descriptions  already  given.  For  the  purpose  of  further  eluci- 
dation, the  following  figures  illustrate  the  appearances  when  only 
a  portion  of  the  figure  ?s  visible.  With  a  little  practice  the  pres- 
ence of  an  acute  bisectrix  or  an  optic  axis  within  the  field  of  the 
microscope  can  easily  be  detected.  By  a  careful  study  of  the 
dark  bars  in  rotation,  the  direction  of  the  bisectrix  from  the  centre 
of  the  field  and  its  approximate  nearness  may  also  be  determined. 

For  this  examination  the  magnifying  lens  of  Bertrand  (p.  64) 
should  be  employed,  v^th  a  No.  i  eye-piece  and  a  powerful 
objective.  If  desired,  the  figure  with  its  colors  can  be  thrown 
by  the  camera  lucida  upon  a  surface  lying  near  the  microscope, 
and  exactly  drawn. 

Uniaxial  interference  figures.  Figure  56  shows  the  in- 
terference figure  of  a  uniaxial  mineral  perpendicular  to  the  axis. 
In  figure  74,  are  seen  various  positions  of  the  same  figure  when 
the  section  is  not  precisely  perpendicular  to  the  axis. 

When  the  optic  axis  is  outside  the  field  of  the  microscope 
straight  dark  bars  are  seen  on  rotation  to  cross  the  field  one  after 
the  other,  as  in  figure  75.  The  locus  of  the  optic  axis  is  always 
at  the  intersection  of  these  bars. 


Fiff.  74.     Positions  of  the  Uniaxial  Interference  Figure. 


Fis.  75.    Uniaxial  Dark  Bars. 

This  property  leads  to  the  determination,  in  all  cases,  of  the 
sign  of  the  uniaxial  mineral  (p.  80).  It  has  been  stated  that 
when  introduced  at  an  zngle  of  45°  the  mica  plate  breaks  up  the 
dark  cross  (p.  62)  and  gives  rise  to  two  dark  spots.  If  the  sub- 
stance is  positive  the  line  of  the  arrow  on  the  plate  and  that  con- 
necting the  dark  points  form  the  sign  plus  (  +  ).   If  it  is  negative 
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these  lines  do  not  thus  cross,  but  lie  parallel.  In  case  the  dark 
spots  are  at  first  invisible,  it  is  necessary  to  determine  by  a  partial 
rotation  the  directicm  of  inclination  of  the  optic  axis  and  thus 
Its  position  with  respea  to  the  field.  If  then  the  principal  section 
of  the  mineral  (p.  64)  be  made  to  stand  at  45**  with  the  nicols,  on 
inserting  the  mica  first  parallel  and  then  perpendicular  to  this 
section,  generally  one  dark  spot  can  be  observed  in  that  quad- 
rant Qf  the  field  nearest  the  optic  axis.  The  other  dark  spot 
will  be  in  the  principal  section  beyond  the  locus  of  the  optic  axis, 
and  the  line  uniting  them  forms  +  ov  —  as  before. 

In  case  the  obliquity  is  so  great  that  the  spots  cannot  be  dis- 
tinguished it  is  possible  still  to  determine  which  of  the  directions 
of  extinction  corresponds  to  the  projection  of  the  optic  axis  by 
means  of  the  dark  bar  crossing  the  centre  of  the  field,  and  then 
to  determine  whether  it  is  Z  or  Y  by  the  superposition  of  the 
quartz  plate  (p.  58),  which  is  best  done  in  parallel  polarized  light. 

When  the  plate  is  substantially  parallel  to  the  single  optic  axis, 
phenomena  are  produced  which  are  somewhat  analogous  to  those 
given  by  plates  cut  perpendicular  to  the  optic  normal  in  biaxial 
crystals;  two  equilateral  dark  often  confused  hyperbolas  are  seen 
which  on  rotation  of  the  stage  mutually  advance  toward  each  other 
and  retreat  forming  a  dark  cross  or  a  darkening  over  the  centre 
of  the  field  four  times  in  each  complete  revolution. 

Biaxial  interference  figures.  Figure  76  represents  the 
position  and  appearance  of  the  dark  bar  when  a  single  optic  axis 
is  visible  in  the  field  of  the  microscope.  In  this  case  it  is  easy 
to  determine  the  position  of  the  plane  of  the  optic  axes.  The 
hyperbolas  revolve  about  the  trace  of  this  plane  in  a  direction 
opposite  to  the  rotation  of  the  stage.  On  bringing  the  visible 
hyperbola  to  have  its  greatest  curvature,  the  trace  of  the  optic 
plane  will  be  a  line  at  45°  with  the  nicols  and  perpendicular  to 
the  hyperbola  at  its  summit.  The  acute  bisectrix  is  situated  on 
the  side  of  the  convexity  of  the  hyperbola.  This  convexity  di- 
minishes as  the  optic  angle  increases,  the  hyperbola  becoming  a 
straight  line  in  all  positions  of  rotation,  when  the  optic  angle 
is  90°. 

When  the  optic  axis  is  outside  the  field  of  the  microscope,  and 
the  inclination  is  in  the  optic  plane,  the  various  aspects  of  the 
dark  bar  are  represented  in  figure  yy.  This  dark  bar  is  distin- 
guishable from  that  of  uniaxial  crystals  (figure  75)  by  the  curva- 
ture which  it  presents   (p.  72).     When  it  becomes  straight  and 
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passes  through  the  centre  of  the  field,  it  marks  the  position  of 
(he  plane  of  the  optic  axes.  If  the  section  be  not  perpendicular 
to  any  principal  plane  of  elasticity  the  black  bars  are  always 
curved. 

If  one  of  the  optic  axes  be  near  the  field  of  the  microscope,  and 
at  the  same  time  one  of  the  bisectrices  appear  within  it,  then  the 
other  optic  axis  is  also  near  the  margin  of  the  field,  and  the  rota- 
tioh  of  the  stage  will  cause  the  succession  of  changes  represented 
in  figure  78.     The  presence  of  the  bisectrix  is  indicated  by  the 
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Fig.  76.    Duk Bu- with  M  Single  OpdcAiU  in  (he  Field. 
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FIs.  78.    ChansHof  t 


re  with  vBiiectrix  In  the  Field. 


production  of  the  black  cross  which  breaks  up  into  hyperbolas 
by  the  rotation  of  the  stage.  The  quadrants  into  which  the  hy- 
perbolas disappear  (KE — SW,  or  NW — SE)  can  be  easily  dis- 
tinguished. On  turning  the  stage  slowly  in  the  direction  of  the 
hands  of  the  watch,  if  they  disappear  NW — SE  the  plane  of  the 
optic  axes- was  previously  E — W.  If  they  disappear  in  the  direc- 
tion NE — SW  the  plane  was  N — S. 

The  most  useful  position  of  the  axial  plane  may  always  be 
established  on  the  disappearance  of  the  hyperbolas,  say  NW — SE, 
by  laying  off  an  an,!^le  in  the  same  quadrants,  of  45*  from  extinc- 
tion and  turning  the  section  to  that  position.  The  hyperbolas 
are  then  at  their  most  distant  points,  and  the  bisectrix  is  favor- 
ably situated  for  examination  with  the  quartz  plate. 

When  neither  a  bisectrix  nor  an  optic  axis  pierces  the  field  of 


86  OPTICAL  MINERALOGY. 

the  microscope,  still  there  may  be  seen,  in  general,  dark  curved 
bars  passing  over  the  field,  which  exhibit  an  indistinct  rotary 
movement.  As  has  already  been  mentioned  (p.  84),  this  affords 
means  of  distinguishing  a  biaxial  mineral  from  a  uniaxial  one. 
But  the  (passage  of  black  bars  nearly  parallel  to  themselves  is  not 
always  sufficient  to  establish  the  uniaxial  character  of  the  mineral. 
In  fact,  when  the  angle  of  the  optic  axes  is  not  very  large,  and  the 
acute  bisectrix  makes  a  large  angle  with  the  axis  of  the  micro- 
scope, the  dark  arms  of  the  hyperbolas  which  are  seen  to  pass 
over  the  field  can  easily  be  confounded  with  right  lines.  The 
dark  line  of  the  optic  axis  is  slightly  curved  at  the  extremi- 
ties in  opposite  directions,  but  such  curvature  is  usually  not 
observable.  It  is  straight  only  when  the  axial  angle  is  90  de- 
grees. 

En  resume.  When  the  black  curves  form  a  cross  at  the  centre 
of  the  field  of  the  microscope,  the  thin  section  is  perpendicular 
to  one  of  the  three  axes  X,  Y  or  Z.  When  perpendicular  to  Y 
it  is  dim  and  sometimes  almost  invisible. 

When  one  arm  of  the  black  cross  coincides  at  a  given  moment 
of  rotation  with  one  of  the  threads  of  the  ocular,  the  thin  section 
is  perpendicular  to  a  plane  containing  two  of  the  axes  X,  Y,  Z 
In  this  case  different  appearances  are  to  be  noted. 

1.  The  section  is  perpendicular  to  the  plane  X,  Z,  containing 
the  optic  axes,  and  its  normal  falls  between  the  acute  bisectrix 
and  one  of  the  optic  axes.  The  figure  presents  no  difficulty  of 
interpretation.  The  formation  and  the  curved  outlines  of  the 
hyperbolas  are  distinct;  when  the  dark  bar  coincides  with  one  of 
the  threads  of  the  ocular  (principal  planes  of  the  nicols)  it  marks 
the  trace  of  the  plane  -of  the  optic  axes.  It  is  possible  to  distin- 
guish very  clearly  the  side  of  the  optic  axis  round  which  the 
dark  bar  turns,  from  the  side  of  the  bisectrix.  It  is  possible  hence, 
to  note  the  place  of  the  other  quadrants  as  defined  by  the  branches 
of  the  dark  cross,  and  the  mica-plate  permits  the  determination- 
of  the  sign  of  the  nearest  bisectrix,  which  is  the  sign  of  the 
mineral. 

2.  The  plate  is  still  perpendicular  to  the  plane  X,  Z,  but  its 

normal  falls  in  the  obtuse  angle  of  the  axes.  The  appearances  are 
analogous  to  those  of  the  preceding  case ;  but  if  the  angle  of  the 
optic  axes  (round  the  acute  bisectrix)  is  small,  all  the  dark  bars 
will  cross  the  centre  of  the  field  of  the  microscope  without 
apparent  curvature ;  and  this  is  especially  true  of  that  bar  parallel 
with  the  optic  plane.    In  this  case  it  becomes  difficult  to  determine 
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the  direction  of  the  axial  plane,  and  consequently  the  orientation 
of  the  thin  section. 

3.  The  section  is  perpendicular  to  one  of  the  planes  (X,  Y), 
(Y,  Z).  It  is  easy  to  see  that  in  this  double  case,  the  dark  bar 
once  centred  is  perpendicular  to  the  trace  of  the  optic  plane. 
When  the  locus  of  the  bisectrix  is  near  the  border  of  the  field, 
the  dark  curve  is  distinctly  bent  by  rotation  of  the  stage  of  the 
microscope,  and  reveals  the  direction  of  the  optic  plane. 

But  if  the  field  be  withdrawn  in  the  direction  toward  Y,  the 
dark  bar  becomes  faint,  and  remains  practically  parallel  with  it- 
self. 

Sections  perpendicular  to  Y,  that  is  to  say,  parallel  to  the  plane 
of  the  optic  axes,  present  a  general  diffusion  of  darkness,  at  the 
positions  of  extinction  in  parallel  polarized  light,  but  on  rotation 
indistinct  hyperbolas  go  out  from  the  centre  rapidly. 

The  nuca-plate,  inserted  at  45°  with  the  black  cross  of  an  acute 
bisectrix  of  a  biaxial  crystal,  gives  usually  similar  appearances 
and  indications  as  with  uniaxial  crystals.  If  it  does  not  and  if 
the  sign  of  this  bisectrix  be  unknown,  it  can  be  determined  by 
comparing  the  axis  Y  in  the  plate  with  the  other  axis  in  the  plate 
by  the  use  of  the  quartz  plate  in  parallel  polarized  light  (p.  65). 
The  same  process  would  be  necessary  in  the  case  of  a  section 
perpendicular  to  the  obtuse  bisectrix;  in  fact,  the  trace  of  the 
plane  of  the  optic  axes,  is  of  a  sign  contrary  to  that  of  the  bisec- 
trix perpendicular  to  the  section. 

Colored  curves  of  interference  figures  formed  by  equal  retarda- 
tion of  light  appear  in  thin  sections  only  when  the  mineral  is 
highly  doubly  refracting  or  when  the  section  is  very  thick,  and 
most  frequently  the  colors  seen  belong  to  the  curves  nearest  the 
csentre,  corresponding  to  one,  two  or  three  wave-lengths  of  re- 
tardation. 

The  position  of  the  plane  of  the  optic  axes  often  affords  the 
determination  of  a  doubtful  section ;  thus  in  certain  minerals  the 
axial  plane  is  constantly  perpendicular  to  the  favorite  direction 
of  elongation.  Such  is  the  case  with  epidote  (elongation  paral- 
lel to  the  edge  001 :  100,  plane  of  the  axes  010),  or  wollastonite 
(same  as  in  epidote).  The  contrary  case  is  afforded  by  augite, 
amphibole,  enstatite  and  hypersthene,  whose  elongation  is  paral- 
lel to  the  axial  plane. 

THE  MONOCLINIC  SYSTEM  AND  POLARIZED  LIGHT. 

The  phenomena  of  crystals  of  the  monoclinic  system  in  polar- 
bed  light  are  similar  to  the  same  in  the  orthorhombic  system. 
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and  the  same  terms  are  used.  The  two  systems  differ  only  in 
the  manner  of  dispersion  of  the  optic  axes,  and  in  the  relative 
positions  of  the  axes  of  ether  vibration  with  respect  to  the  crystal- 
lographic  axes  (p.  70). 

Extinction  angle.  One  of  the  axes  of  ether  vibration  (fre- 
quently Y)  coincides  with  the  ortho-diagonal  crystallog:raphic 
axis  b,  which  is  the  axis  of  symmetry  of  the  system  (p.  20),  and 
the  other  two  are  in  the  plane  of  symmetry ;  that  is  to  say,  they 
lie  in  a  plane  parallel  to  the  dinopinacoid  (010).  The  aisles 
made  by  these  two  axes  of  ether  vibration  with  the  crystallo- 
graphic  axes  in  the  same  plane  are  called  extinction  OHgles.  and 
afford  a  means  of  distingubhing  monoclinic  crystals  in  polarized 
light. 


g  the  Plane  at  SjrminctiT  u 


Let  figure  79  represent  a  simple  monoclinic  form  in  its  con- 
ventional position.  The  full  lines  represent  the  directions  of  the 
crystallographic  axes  a,  b,  c.     The  three  planes  represented  be- 
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tween  the  piuacoids  010  and  do  are  intended  to  shoFw  the  plane 
of  symmetry,  and  the  dotted  lines  lying  in  them,  three  possible 
positions  of  the  axes  of  ether  vibration  for  different  minerals, 
with  respect  to  the  axes  a  and  c.  The  axes  of  ether  vibration 
are  necessarily  at  right  angles  to  one  another,  in  the  same  mineral, 
and  bisect  the  respective  optic,  angles.  The  optic  axes  are  not 
represented.  In  the  figure  Y  coincides  with  b,  but  in  many  min- 
erals X  or  Z  coincides  with  6.  The  first  symmetry  plane  (i) 
represents  the  condition  actually  found  in  epidote.  The  second 
(2)  represents  aiopside,  and  the  third  (3)  glaucophane. 

Dispersion  in  the  monoclinic  system.  In  the  monoclinic 
system  not  only  may  the  loci  of  the  optic  axes  for  the  different 
colors  be  different  in  the  same  crystal,  but  the  locus  of  the  bisec- 
trix may,  in  certain  conditions,  be  different  for  the  different 
colors.    There  are  three  cases : 

Inclined  dispersion  takes  place  when  the  optic  normal  (Y) 
coincides  with  the  crystallographic  axis  b,  and  the  optic  plane 
is  in  the  position  represented  by  fig.  79.  It  is  seen  in  gypsum 
and  augite.  In  this  case  the  bisectrix  emerges,  for  the  violet 
rays,  at  some  distance  (o  the  right  or  left  from  the  point  of 
emergence  of  the  bisectrix  for  the  red  rays,  but  in  the  trace  of 
the  axial  plane ;  and  at  the  same  time  the  dark  rings,  seen  alter- 
nately in  red  and  blue  light,  (p.  82)  shift  their  positions  in  the 
same  directions,  becoming  also  larger  or  smaller.  If  p  <  v,  as 
in  fig.  80,  the  innermost  dark  ring  for  red  light  may  be  repre- 
sented by  the  small  circles,  and  the  bisectrix  would  be  interme- 
diate, at  /?;  for  violet  light  the  bisectrix  is  removed  to  V,  and 


Piff.  80.    Inclined  Dispersion 

the  innermost  dark  rings  are  seen  as  represented  by  the  larger 
circles.    Both  bisectrices  are  subject  to  this  dispersion. 

In  inclined  dispersion,  in  white  light,  there  is  a  difference  in 
distribution  of  colors  surrounding  the  loci  of  the  optic  axes,  ow- 
ing to  the  different  superposition  of  the  colors  after  dispersion. 
One  set  of  rings  may  be  larger  than  the  other,  or  more  elliptical. 
In  the  diagonal  position  of  the  section  there  is  no  constancy  in 
the  positions  of  the  colors  relative  to  the  sides  of  the  hyperbolas ; 
one  hyperbola  may  have  its  concave  side  fringed  with  blue  and 
the  other  with  red.  If  the  dispersion  of  the  bisectrix  be  not 
large  the  dark  hyperbolas  will  be  symmetrically  colored  on  their 
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contave  sides  in  a  manner  similar  to  that  of  rhombic  dispersion 
(p.  8i). 

Obviously  the  plane  of  symmetry  of  the  colors  of  the  interfer- 
ence figure  in  inclined  dispersion  contains  the  long  axis  of  the 
figure  itself. 


Fig  81  •    Position  of  the  Optic  Plane  in  Horizontal  Dispersion 

Horizontal  dispersion    takes  place  in  the  interference  figure 
when  the  obtuse  bisectrix  coincides  with  the  crystallographic  axis 


ti* 


FiflT.  82.  Horixontal  Dispersion. 

h  (fig.  8i).  In  this  case  the  other  bisectrix  and  the  optic  normal 
are  in  the  plane  of  symmetry,  at  right  angles  to  6.  The  optic 
plane  is  perpendicular  to  the  plane  of  symmetry.  The  obtuse 
bisectrix  is  not  horizontally  dispersed,  but  shows  crossed  disper- 
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sion.  Tlie  acute  bisectrix  and  the  optic  normal  are  horizontally 
dispersed.  Normal  orthoclase  exhibits  horizontal  dispersion. 
The  positions  of  the  acute  bisectrix  and  of  the  dark  rings  for 
red  and  blue  light  are  shown  in  fig.  82,  which  represents  p  <v. 
When  this  interference  figure  is  seen  in  white  light  the  colors 
that  appear  about  the  loci  of  the  optic  axes  are  dispersed  hori- 
zontally, i.  e.,  uniformly  in  a  direction  perpendicular  to  the  long 
axis  of  tlie  figure.  The  distribution  of  the  colors  is  the  same 
in  quadrants  on  the  same  side  of  that  axis.  The  plane  of  sym- 
metry, therefore,  for  these  colors  is  perpendicular  to  the  long 
axis  of  the  figure. 

Crossed  dispersion  is  seen  in  those  monoclinic  minerals  in 
which  the  acute  bisectrix  coincides  with  the  crystallographic  axis 

b.  Then  the  obtuse  bisectrix  and 
the  optic  normal  are  in  the  plane 
of  symmetry,  where  they  may 
occupy  any  positions.  Crossed 
dispersion  is  exhibited  by  borax. 
The  obtuse  bisectrix  and  the  op- 
tic normal  are  horizontally  dis- 
persed, and  the  centre  of  the  in- 
Fig.  83.  Crossed  Dispersion.  terfcreucc  figure  about  the  acute 

bisectrix  is  the  same  for  all  colors,  but  the  distribution  of  the 
ooiors  about  the  centre  is  more  or  less  oblique  to  the  trace  of 
the  axial  plane. 

The  positions  of  the  dark  rings,  seen  in  red  and  blue  light 
alternately,  may  be  represented  as  in  figure  44  in  which  p>  v. 

When  this  interference  figure  is  seen  in  white  light  the  colors 
that  appear  about  the  loci  of  the  optic  axes  are  dispersed  oblique- 
ly, tending  to  occupy  the  opposite  quadrants.  In  one  of  the  op- 
tic loci  the  colors  alternate  from  N  E  to  S  W,  and  in  the  oppo- 
site direction  in  the  other,  the  degree  of  obliquity  with  the  axial 
plane  depending  on  the  relative  positions  of  the  axes  for  the  red 
and  the  blue  rays,  and  the  consequently  variable  superposition  of 
the  different  phases.  The  two  axial  figures,  however,  are  equally 
illuminated,  and  appear  of  the  same  size.  That  color  which  has 
the  less  dispersion  appears  near  the  bisectrix,  within  the  inner- 
most colored  ring,  in  greater  force  than  its  complementary  color. 
and  occupies  the  same  side  of  the  trace  of  the  axial  plane  in  the 
two  axial  figures.  In  the  diagonal  position  this  color  also  fringes 
the  concave  sides  of  the  hyperbolas,  but  alternates  obliquely  with 
its  complementary  color. 
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The  different  kinds  of  dispersion  of  the  interference  figure 
may  be  summarily  expressed,  as  follows: 

SifwUm  Diaperwion  Cdora  or*  Symmetrical  to 

Orthoifaombic  Rhombic,  fis .  34  Both  planes 

'Inclined,  fiff .  41  The  optic  plane 

MonocUnic  <  Horiiontal,  fiff .  43  The  plane  perpendicalar  to  the  optic  plane 

Crossed,  fis .  44  The  locos  of  the  bisectrix 

Tridinic  dombinations  (p.  92)  Asymmetrical 

By  Optical  characters  alone  it  is  sometimes  very  difficult  to  dis- 
tinguish minerals  of  the  monoclinic  system  from  those  of  the 
orthorhombic  and  hexagonal  systems.  Resort  must  then  be  had 
to  chemical  or  to  other  structural  features.  The  axial  interfer- 
ence figure  of  biotite,  for  instance,  remains  a  black  cross,  on  ro- 
tation, as  in  uniaxial  minerals. 

THE  TRICLINIC  SYSTEM  AND  POLARIZED  LIGHT. 

The  fact  that  minerals  of  the  triclinic  system  have  no  sym- 
metry, except  about  a  point  renders  it  impossible  to  state  any 
general  definitive  principles  respecting  their  phenomena.  In  polar- 
ized light  each  mineral  has  its  own  characters,  a  circumstance 
which  renders  their  determination  direct  and  unique. 

The  axes  of  ether  vibration  have  no  fixed  relation  to  the  crys- 
tallographic  axes.  The  optic  axes  and  the  axes  X,  Y,  Z  are  sub- 
ject to  dispersion,  though  so  small  or  so  confused  that  in  most 
instances  it  can  be  neglected.  Rarely  an  axis  of  ether  vibration 
coincides,  nearly  or  quite,  (as  in  oligoclase)  with  a  crystallo- 
graphic  axis. 

Triclinic  crystals  manifest  all  the  phenomena,  already  de- 
scribed, seen  in  monoclinic  crystals,  such  as  polarization,  double 
refraction,  quadruple  extinction  and  chromatic  interference  fig- 
ures. 

Dispersion  in  the  triclinic  system  produces  a  colored  inter- 
ference figure  which  always  is  made  up  of  the  superposition  of 
several  kinds  of  dispersion,  and  is  valueless  except  to  fix  the  min- 
eral in  the  triclinic  system.     It  has  no  symmetry. 

IMPORTANT  CHARACTERS  COMMON  TO  ALL  THE 
CRYSTALLOGRAPHIC  SYSTEMS. 

Elongation  and  flatiening.  In  the  microscopic  examina- 
tion of  minerals  in  polarized  light,  it  becomes  necessary  to  com- 
pare the  directions  of  extinction  with  their  cleavages  or  with  their 
known  edges.     Crystals  have  characteristic  tendencies  to  elon- 
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gation  parallel  with  certain  edges,  or  of  flattening  parallel  with 
certain  pinacoids,  or  less  commonly  other  faces,  or  of  twinning  on 
certain  faces.  These  hence  become  important  data  for  compari- 
son with  the  directions  of  tlie  optical  phenomena.  Experience 
and  theory  both  show  that  these  favorite  directions  are  those 
whose  symbols  are  the  most  simple.  Thus,  flattening  takes  place, 
as  in  mica  and  in  trid3miite,  parallel  to  the  basal  plane  (001), 
and  in  certain  feldspars  parallel  to  the  brachypinacoid  (010). 
Elongation  takes  place,  as  in  apatite,,  amphibole  ahd  pyroxene, 
parallel  to  the  intersection  of  the  faces  of  the  prism,  parallel  to 
the  intersection  of  no  and  100  as  in  zircon,  rutile  and  werner- 
ite ;  parallel  to  the  edge  001 :  100  in  epidote  and  wollastonite ;  par- 
allel to  the  edge  001:  010  in  the  feldspars  and  to  100:  010  in 
cyanite,  etc. 

In  general  it  might  be  stated  that,  in  the  tetragonal  and  hexa- 
gonal systems  flattening  takes  place  perpendicular  to  the  vertical 
axis;  if  not,  then  the  elongation  is  parallel  to  it.  Consequently 
the  extinctions  in  the  interesting  zones  are  found  constantly  par- 
allel to  the  length,  and  in  certain  cases,  exactly  parallel  to  the 
trace  of  the  easy  cleavage.  In  fact,  when  the  single  easy  cleav- 
age, as  in  the  micas,  is  practically  perpendicular  to  the  vertical 
axis  the  trace  of  the  cleavage  is  practically  parallel  to  the  di- 
rection of  extinction,  whatever  be  the  orientation  of  the  section.* 

In  the  orthorhombic  system  the  flattening  is  perpendicular,  01* 
the  elongation  is  parallel  to  one  of  the  three  crystallographic 
axes,  and  the  extinctions  in  elongated  sections  are  hence  parallel 
to  the  elongation. 

The  nionoclinic  system  presents  a  favorite  elongation  parallel 
to  the  axis  b  or  parallel  to  one  of  the  principal  edges  contained 
in  the  cJinopiUkcoid  or  plane  of  symmetry.  In  the  former  case 
extinctions  are  longitudinal.  In  the  second  they  vary  according 
to  the  position  of  the  axes  of  ether  vibration  with  respect  to  the 
elongation.  The  angle  of  maximum  extinction  of  different  sec- 
tions in  the  zone  perpendicular  to  the  plane  of  symmetry  meas- 
ured on  the  constant  direction  of  the  edge  of  favorite  elongation, 
may  then  become  a  characteristic  of  the  mineral  studied.  Such 
is  the  case  with  amphibole,  pyroxene  and  orthoclase.  It  is  well 
to  note  that  this  elongation  is  here  embraced  in  one  of  the  planes 


*  The  inloa«  are  stricUy  monocltolc   and   risrorous   i^oralleUsm   does   not 
^Kcur.     Tbelr  symmetry,  however.  Is  so  nearly  that  of  hexagonal  crystals 
that  they  furnish  an  excellent  practical  example. 
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containing  two  of  the  axes  X,  Y,  Z,  which  simplifies  consider- 
ably the  theoretical  search  for  this  maximum  extinction. 

Finally,  iii  the  Iriclinic  system,  the  elongation  may  be  in  any 
direction  with  respect  to  the  axes  X,  Y,  Z,  and  the  question  be- 
comes one  of  wide  limits.  Yet,  in  some  special  cases,  the  edge 
of  elongation  is  still  very  near  a  plane  containing  two  axes 
of  ether  vibration  thus  affording  extinction  practically  parallel 
with  tlie  elongation  in  all  sections  perpendicular  to  the  plane. 
Such  is,  for  instance,  the  edge  lOo:  oio  in  cyanite  and  ooi :  oio 
in  a  part  of  the  triclinic  feldspars. 

Cleavages.  In  the  isometric  system  cleavages  are  parallel 
to  the  faces  of  the  cube  as  in  perovskite,  analcite,  or  of  the  octa- 
hedron as  in  fluorite,  or  of  the  dodecahedron  as  in  sodalite.  In 
other  cubic  rock-forming  minerals  it  is  wanting,  or  not  noticeable 
in  thin  sections. 

In  the  tetragonal  system  usual  cleavage  is  either  parallel  to 
the  vertical  axis  or  perpendicular  to  it.  In  the  former  case  more 
or  less  regular  quadratic  or  octagonal  outlines  appear,  depending 
on  the  inclination  of  the  section  to  the  vertical  axis.  There  may 
be  two  systems  of  cleavage  intersecting  each  other  at  unifonn 
angfles.  If  the  section  be  perpendicular  to  c  extinctions  take  place 
parallel  to  the  prismatic  cleavages,  and  a  basal  cleavage  is  in- 
visible. For  oblique  sections  the  vertical  cleavages  form  a  vari- 
able angle  with  the  extinctions,  but  the  basal  cleavage  is  parallel 
with  it.  Sometimes  a  cleavage  is  parallel  to  the  face  of  the  unit 
pyramid,  as  one  of  the  cleavages  in  zircon.  In  such  a  case  ex- 
tinction is  usually  oblique  to  the  cleavage. 

In  hexagonal  crystals  sections  perpendicular  to  c  have  hexago- 
nal or  triangular  cleavage  directions,  unless  the  cleavage  be  par- 
allel to  oooi,  in  which  case  it  is  not  apparent.  In  sections  par- 
allel to  c  prismatic  cleavages  will  be  parallel  to  each  other  and 
perpendicular  to  the  basal  cleavage.  In  this  case  extinction  is 
always  parallel  to  the  cleavages.  In  other  sections  cleavage 
cracks  appear  which  are  parallel  to  or  intersect  each  other,  the 
angle  depending  on  the  inclination  of  the  section  to  the  axis  c, 
and  the  extinction  angle  on  the  prismatic  cleavages  is  equally 
variable. 

Crystals  belonging  to  the  orthorhombic  system  are  likely  to  show 
pinacoidal  or  prismatic  cleavages  running  hi  parallel  cracks  in  all 
sections  parallel  to  c.     These  cleavages  intersect  when  the  sec- 
tion is  inclined  to  the  principal  axis.     They  are  all  parallel  tcf 
each  other  when  the  section  is  parallel  to  the  axis  c,  and  the  pin- 
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acoidal  at  right  angles  when  perpendicular  to  c;  the  prismatic 
cleavages  form  a  system  of  angles  not  90**.  Pyramidal  cleavages 
appear  in  angular  figures  whose  forms  depend  upon  the  inclina- 
tion of  the  section  to  tlie  pyramidal  planes. 

In  the  monoclinic  system  "sections  of  regularly  developed  crys- 
tals, and  the  figures  made  by  the  cleavage  cracks  are  symmetri- 
cal only  when  they  belong  to  the  orthodiagonal  zone.  The  cleav- 
age is  either  single  (parallel  to  pinacoids  or  orthodomes)  and 
lies  in  the  plane  of  symmetry,  or  stands  at  right  angles  to  it;  or 
the  cleavage  is  the  same  parallel  to  two  faces  (prismatic)  which 
make  equal  angles  with  the  plane  of  symmetry.  A  single  cleav- 
age gives  a  single  system  of  parallel  cleavage  cracks,  in  all  sec- 
tions but  those  parallel  to  the  cleavage  face.  Two  single  cleav- 
ages occurring  in  the  same  crystal  cannot  be  equal;  they  furnish 
parallel  cleavage  cracks  in  all  sections  in  the  zone  of  the  cleav- 
ages, and  intersecting  systems  of  dissimilar  cleavage  cracks  in 
all  other  sections."  (Rosenbusch). 

In  the  monoclinic  feldspars  are  two  important  cleavages,  one 
parallel  to  010  and  the  other  to  001,  the  latter  being  more  marked. 
In  thin  sections  they  are  usually  both  visible,  but  if  the  section 
be  rather  tliick,  that  cleavage  parallel  to  010  is  sometimes  invis- 
ible. In  sections  parallel  to  010  the  basal  cleavage  is  visible  as 
straight  parallel  cracks;  in  those  parallel  to  001  the  clinopinacoid- 
al  cleavage  is  seen  in  the  same  manner.  In  sections  parallel  to 
100  botii  cleavages  are  visible,  intersecting  each  other  at  right 
angles.  The  same  is  true  for  all  sections  parallel  to  the  edge 
001  :  100.  In  sections  parallel  to  the  edge  100  :  010  these  cleav- 
ages form  an  angle  which  decreases  from  90*  to  agreement  with 
the  supplement  of  the  angle  )8  (64''  dz). 

A  parting  (p.  37)  in  sanidine  is  sometimes  present  parallel  to 
100,  which  might  be  mistaken  for  a  cleavage  parallel  to  001  or  to 
010.  It  appears  in  thick  sections.  The  true  cleavage  is  seen  in 
thinner  sections.  A  coarser  zonal  structure  is  also  sometimes  very 
marked. 

Minerals  of  the  triclinic  system  "afford  sections  unsymmetrical 
in  all  zones.  The  saime  is  true  of  all  figures  produced  by  inter- 
secting cleavages.  Each  cleavage  is  parallel  to  only  one  face; 
hence  there  are  no  equivalent  cleavage  cracks  which  intersect  one 
.-mother.  Qeavage  cracks  which  intersect  always  belong  to  cry<5- 
tallographically  dissimilar  faces.  In  general  those  faces  paral- 
lel to  which  there  is  cleavage  are  made  the  pinacoids."  (Rosen- 
busch). 
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In  the  triclinic  feldspars  the  usual  cleavages  are  parallel  to  ooi 
and  oio 

Twinning.  When  crystals  are  twinned  the  individual  parts 
are  attached  to  each  other  by  a  composition  face,  and  one  part  is 
turned  usually  i8o  degrees  from  agreement  with  the  other  part, 
about  a  twinning  axis  that  is  perpendicular  to  the  twinning  plane. 
Crystals  thus  grouped  are  called  tuins,  but  crystals  repeated 
alongside  of  each  other  and  not  reversed  constitute  grouping,  or 
parallel  growths.  The  twinning  axis  is  usually  a  crysta11(^raphic 
axis,  or  may  be  a  line  normal  to  a  crjstal  face.  The  composition 
face  though  usually  perpendicular  to  the  twinning  axis,  is  some- 
times parallel  to  it,  and  sometimes  is  irregular  owing  to  the  mu- 
tual interpenetration  of  the  twins,  caused  by  cotemporary 
growth.  If  twins  are  simply  adherent  by  the  cmnposition  face 
they  are  contact  twins.  It  they  penetrate  each  other  they  are 
likely  to  have  an  irregular  composition  face  and  are  called  pene- 
tration twins.  A  twinned  plane  is  one  that  is  repeated  and  adja- 
cent to  its  homologous  plane  of  the  other  part  of  the  crystal. 

Although  in  each  individual  of  a  twinned  crystal  the  optical 
characters  are  the  same,  and  identical  with  the  same  characters 
in  a  simple  crystal,  and  hence  are  amenable  to  the  principles 
already  given,  yet  there  are  certain  forms  of  twinning  so  fine  ■ 
as  to  be  visible  only  with  the  aid  of  the  microscope,  and  others 
that  constitute  diagnostic  characters  for  the  determination  of 
mineral  species.  A  knowledge  of  the  forms  of  habitual  twinning 
becomes  therefore,  a  powerful  aid  to  the  microscopist,  and  espec- 
ially in  the  study  of  the  feldspars.  The  most  important  types  of 
twinning  in  the  feldspars  are  the  Carlsbad,  Eaveno,  Manebach, 
albite  and  pericline. 

Carlsbad  twinning.  The  most  simple  of 
these  important  forms  of  twinning  is  that 
known  as  the  Carlsbad  type.  It  occurs  in 
the  monoclinic  as  well  as  in  the  triclinic 
feldspars.  Carlsbad  twins  may  be  again 
twinned  according  to  the  albite  or  the 
pericline  types,  and  when  their  extincticwis 
are  parallel,  as  often  happens,  confusion 
may  result  unless  they  be  separately  recog- 
nized. 

Figure  84  represents  the  usual  aspect  of 
a  simple  Carlsbad  twin  crystal  of  ortho- 
clase.     The  twinned  plane  is   no,  but  with  the  obliteration  of 
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lOO,  and  the  contact  faces  are  oio.  It  appears  as  if  after  the 
orientation  of  two  crystals  of  the  same  form  they  had  united, 
but  with  their  homologous  ends  in  opposite  directions,  and  had 
continued  to  grow  after  nnion.  It  is  not  always  that  the  twins 
are  of  ec^ual  size,  but  two  or  more  small  individuals  may  be 
twinned  with  a  single  larger  one,  the  small  crystals  being  appar- 
ently cemented  on  the  larger  crystal.  In  the  Carlsbad  form  the 
twins  are  supposed  to  be  turned  i8o°  about  the  vertical  axis  c, 
or  about  a  line  perpendicular  to  the  face  loo.  A  thin  section 
through  such  a  crystal  in  the  zone  parallel  to  the  axis  b  would 
evidently  consist  of  two  parts  whose  basal  cleavages  would  be 
parallel,  and  whose  extinctions  would  be  simultaneous,  Thfe 
traces  of  (he  optic  planes  in  tlic  two  portions  would  be  found 
parallel. 


Fte.SJ. 
CcrlltudTvini  wi 

iDta-pcDctiitio 


10  Twini  of  Ortho- 


Figure  85  represents  a  Carlsbad  twrin  crystal  without  penetra- 
tion, the  faces  loi  and  001  being  so  nearly  in  the  same  plane  as 
to  appear  to  be  one  plane.  The  face  100.  which  is  very  rarely 
seen,  is  here  obliterated  by  the  prismatic  faces  110,  and  the  elong- 
ation is  parallel  to  the  prism  edges.  Sometimes  a  Carlsbad  twin 
consists  of  two  parts  elongated  parallel  with  the  clinodiagonal 
axis,  the  vertical  axis  being  relatively  shortened. 

Figure  86  represents  a  Baveno  twin  of  orthoclase,  the  form  be- 
ing elongated  parallel  to  a.    Here  the  twinning  plane  is  the  clino- 
dome  021,  to  which  the  twinning  axis  is 
normal,   and  the  composition   face   is  also 
021,     The  clinopinacoids  and  basa!  plai 
unite  to  constitute  a  nearly  square  prist 
in  which  cleavage  is  parallel  to  each  sid 
and  the  optic  planes  stand  at  right  angles 
to  each  other.     This  type  is  not  common.  Fig.  a?. 

The  rarest  type  of  twinned  orthoclase  is  ««ieb«ch  Twin  of  Otth«i«. 


98 


OPTICAL  MINERALOGY, 


the  Manebach  twin,  the  composition  face  being  here  the  base  ooi, 
represented  by  figure  87.  The  axis  of  revohition  is  perpen- 
dicular to  the  base  001 ;  cleavage  is  sufficient  to  distinguish  the 
parts,  since  that  which  is  easiest  in  one  is  parallel  to  the  same  in 
the  other,  and  the  cleavage  parallel  to  the  clinopinacoid,  in  one  is 
continuous  into  or  at  least  parallel  with  the  same  in  the  other. 

While  these  forms  prevail  in  the  monoclinic  feldspars  it  is  not 
uncommon  that  they  unite  in  the  triclinic  feldspars,  with  the 
albite  and  pericline  types  of  twinning,  which  are  rarely  absent  in 
the  latter. 

Albite  and  Pericline  Twinning,  All  the  plagioclastic  feld- 
spars are  characterized  by  fine  polysynthetic  tunnning,  which 
produces  a  fine  superficial  striation  generally  visible  to  the  naked 
eye ;  it  is  caused  by  a  succession  of  changes  in  direction  of  growth 
of  the  crystal,  the  angle  between  adjacent  striation  faces  being 
about  172°.  When  the  twinning  axis  is  a  normal  to  010  this 
twinning  fonns  the  albite  type.  When  it  is  parallel  to  b  it  forms 
the  pericline  type.  In  the  albite  type  the  lamellae  are  parallel 
to  QIC  and  produce  striations  on  the  sides  001  and  100.  They 
are  invisible  in  thin  sections  parallel  to  010,  but  in  all  others 
they  are  apparent  in  narrow  bands  which  polarize  and  extinguish 
alternately,  on  being  rotated  between  crossed  nicols,  the  bands 
being  parallel  to  the  brachypinacoidal  cleavage.  The  external 
pericline  striations  are  visible  on  all  faces  of  the  crystal  as  below 
except  in  andesine.  If  striations  appear  on  the  face  010  they 
are  necessarily  of  the  pericline  type.  In  thin  sections,  if  the  peri- 
cline twinning  exists,  it  is  visible  in  sections  cut  in  all  directions, 
except  parallel  to  the  composition  face.     The  composition  face 

is  the  rhombic  section,  so-called,  i.  e..  a 
plane  perpendicular  to  010  and  cutting 

the  faces  fio  and  iTo  in  sucli  a  position 
as  10  make  sections  on  010  and  110  and 
ilo  that  hav.e  internal  angles  equaV  to' 
each   other    (figure   88.).      I"    andesine 

the  rhombic  section  is  practically  paral- 
lel to  the  base,  OQi. 

Figures  89  and  90  represent  each   a 

pair  of  microlitic  twins  of  the  albite  type,  the  former  having  an 
cl()n.c:ati()n  parallel  to  the  axis  a,  and  the  latter  a  flattening  par- 
allel to  GIG. 


I    no 

I 


110       t 


.,-'^ 

^  _ 


010 


Fig.  88. 
r.   Pericline  Twin  of  Albite. 
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flmttened  puallel  to  aiO. 
puallel  ta  the  Aiii  a. 
Figure  91  represents  a  tricHnic  feldspar  included  between  the 
principal  crystal  faces  001,  100  and  oio.    The  lines  which  cross 
each  other  on  the  faces  001  and 
100  indicate  the  external   stria- 
tions  due,  to  the  albite  and  peri- 
cline     types     of     poiysynthetic 
twinning;  those  that  appear  on 
the  face  010  represent  the  exter- 
nal   striations    due    to   pencUne 
twinning.     In  the  various  plagi- 
oclases  the  latter  make  different 
angles  with   the   basal   cleavage 
or  with  the  edge  001:010     In 
albite   it  is  about   as   shown   in 
the  figure;  viz.    18°   to  22°;  in 
oligoclase  it   is  6° ;  in  andesine 
it  is  0° ;  in  labradorite  from  2° 
to  9°   in  the  opposite  direction, 
and  for  anorthite  it  is  18°  in  the  same  direction  as  for  labradorite. 
When  the  poiysynthetic  twinning,  albite  or  pericline,  is  again 
enveloped  by  a  Carlsbad  twinning,  a  thin  section  manifests  it 
by  the  occurrence  of  two  pairs  of  bands  on  one  side,  which  extin- 
guish cr  polarize   in    sympathetic   alternation,   differently    from 
two  pairs  of  bands  on  the  other  side.     Generally  the  darkened 
line  which  separates  the  Carlsbads  can  be  seen.     It  is  heavier 
than  the  other  dark  lines,  and  is  apt  not  to  agree    with    them 
strictly  in  direction,  or  to  be  otherwise  irregular. 
Extinction  Angles  are  measured  from  some  plane  containing 


Ttkynk  tcMiEur  (i 
tiOBiaf  the  I 
diae  Stiiatio 
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an  axis  of  ether  vibration  to  some  visible  crystallographic  char; 
acter,  such  as  cleavage,  parting,  elongation,  crystal  edge  or  twin- 
ning plane. 

Uniaxial  minerals  and  those  of  the  orthorhombic  system  gen- 
erally show  extinction  parallel  to  at  least  one  crystallographic 
feature. 

Monoclinic  crystals  give  oblique  extinction  in  all  sections  except 
those  of  the  zone  perpendicular  to  the  plane  of  symmetry. 

Triclinic  crystals  give  oblique  extinction  in  all  sections. 
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PART  II. 


DESCRIPTION  OF  MINERALS. 


Introduction.  The  minerals  are  arranged  in  alphabetical 
order,  so  far  as  practicable.  Many  minerals,  which  belong  in 
natural  groups  characterized  by  similar  chemical  and  physical 
characters,  are  described  to  better  advantage  by  consideration  of 
the  group  as  a  whole.  In  such  cases  they  are  to  be  found  by 
referring  to  the  group  name  in  its  alphabetical  position.  Varieties, 
and  some  rare  and  imperfectly  known  minerals,  are  briefly  de- 
scribed in  connection  with  the  more  important  species  to  which 
they  are  related.  As  an  additional  guide  cross  references  are 
introduced. 

The  description  of  each  mineral  is  gfiven  in  the  following  order : 

Name. 

Crystal  system  (and  axial  ratio). 

Qiemical  composition  (Com p.),  usually  expressed  merely  be  a 
formula. 

Physical  characters  (Phys.  Char.),  including  crystal  habit, 
twinning,  cleavage,  hardness  (H),  specific  gravity  (G),  pyro- 
gnostic  characters,  and  solubility. 

Optic  properties  (Opt.  Prop.),  including  optic  orientation, 
refringence.  birefringence,  sign,  optic  angle,  dispersion,  color, 
pleochroism,  and  absorption. 

Inclusions  (Incl.). 

Alterations  (Alter.). 

Occurrence  (  Occur.  ) . 

Diagnostics  (Diag.). 

In  the  description  of  each  group  of  minerals  the  order  adopted 
is  essentially  the  same  as  that  outlined  above,  with  the  addition 
of: 

Classification  (Class.). 


ALUNITE—AMBLYGONITE.  103 

ACMITE,  see  pyroxene  group.  ACTINOLITE,  see  amphibole 
group.  ADAMITE,  see  olivenite.  ADELITE,  see  wagnerite.  iENIG- 
MATITE,  see  amphibole  group.  iERINITE,  see  chlorite  group. 
ALBITE,  see  feldspar  group.  ALLACTITE,  see  flinkite.  ALLAN- 
ITE,  see  cpidote  group.  ALMANDITE,  see  garnet  group. 

ALUNITE. 
Rhombohedral  c=  1.252  K2AleS4022+6H20 

Phys.  Char.      Crystals    rhombohedral,    sometimes    re- 

* 

sembling  cubes;  often  fibrous  to  lamellar.  Very  easy  cleavage 
II  0001.  Sometimes  much  flattened  parallel  to  the  base. 
G.  =  2.58  to  2.75.    H.  =  3.5  to  4.    Infusible.    Soluble  in  H2SO4. 

Opt.  Prop.  Uniaxial;  positive.  The  flattening  parallel 
to  the  base  produces  an  apparent  elongation  in  vertical  sections 
which  is  negative,  and  shows  parallel  extinction.    Colorless. 

ng=  1.592     np=  1.572 
«g  —  np  =  0.018  -  0.020 

Occur.  Alunite  is  found  in  rhombohedrons  often  bor- 
dered with  opaque  inclusions,  or  in  lamellar  masses,  as  an  alter- 
ation product  of  acid  volcanic  rocks  by  means  of  sulphurous 
vapors.  Also  probably  sometimes  produced  by  the  action  of 
sulphated  meteoric  waters  upon  feldspathic  rocks. 

DiAG.  Differs  from  brucite  in  occurrence  and  associa- 
tion ;  also  has  inferior  cleavage  and  non-flexible  lamellae.  Distin- 
guished from  sericite  by  the  sign  of  the  elongation  (or  direction 
of  lamination). 

AMARANTITE,  see  copiapite. 

AMBLYGONITE. 

Tricunic  aibic::  0.245 :  i :  0.461  (Li,Na)  [A1(F,0H)  JPO^ 

a  =  68°  47'  /3  =  98*'  44'  7  =  85^   52 

Phys.  Chah.  Crystals  coarse,  indistinct.  Easy  cleavages  || 
001,  and  1I0.1  Polysynthctic  twinning  common  in  two  directions  nearly 
at  right  angles  in  sections  1  001  and  no.  The  composition  faces 
nearly  bisect  the  angles  between  the  easy  cleavages.     Soluble  in  H,SO^. 

Opt.  Prop.  The  axis  X  coincides  very  nearly  with  the  direc- 
tion of  the  intersection  of  001  and  ifo.  The  plane  containing  Y  and  X 
makes  an  angle  of  23°  with  001  in  the  obtuse  angle  001  \  iTo  measured 
in  a  section  normal  to  001  and  iio.  Dispersion  of  the  axes  weak  with 
p>t'.     Inclined  dispersion  distinct  and  crossed   dispersion   strong. 

^Danft  adopts  another  fandamental  form.    His  001  =  001, 100  =  llO.  and  110  ^  iTo. 
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",  =  1-597  ■■=i-593  %=«-5;« 
»,— >p  =  OjOt9 
Color  vhite,  or  of  pde  tim.     Streak  vhitc     Colorless  ki  thin 

OccuK.  Found  in  pc^inatite  dikes,  cousc  albite  granites,  ^c. 
Rare.    Large  liqnid  inclusions  are  nameroas. 

■loaMlifazite  or  hebronite  is  like  araUfgoiiite,  but  contains  more 
hrdroxjl  and  less  sodimn.     The  opdc  plane  occufHes  the  position  of  the 
plane   lio  amblvgoniie)  containing  X  and  V.     The  dispersion  of  (he  axes 
is  weak  with  p<r;  boriionul  and  inclined  dispersioa  also  weak. 
(->  2F  =  so--9t.° 
■j=  i.6»  it^=  1.611  «,=  1.600 
B,  —  B^  =  o.oao 

D«irangite  i  Na((.\LFe>F]AsO,  f  is  chemically  related  to 
amblygonitc.  but  it  is  monoclinic  witb  a:b:(:  -.O-TTx:  i  10.835  '■*<]  fi  =  64° 
Al'l  crystals  pi-iamidaL  Oeavage  distinct  i  lIOv  Cokw  orange-red; 
colorless  to  pale  yellow  in  [fain  section.  H.  =  5.  G.  =  4-  Fusible  at  2. 
Decomposed  by  H^SO,.  Optically  negative;  (he  plane  of  the  optic  axes 
is  nonnai  10  oio:  X  Ac  =  —  25°.  Optic  angle  large.  2W=^8o"  49'  Na; 
a^iisl   di^per^ion   weak.  p>i':   horizontal  dispersion  distinct.     Very   rare. 

DiAC.  .\nib)ygonite  is  diaracierized  by  moderate  relief  and 
birefringence,  asymmetrical  extinctions,  two  good  cleavages,  and  frequent 
polysynthetic  twinning  in  two  directions. 

Amphibole  Group. 

The  minerals  of  the  amphibole  group  are  orthorhomhic,  mono- 
clinic,   and   tricHnic   silicates  of   magnesium,   calcium,   iron,    or 


r.^S,     One    nu-.'l,    X  1^. 

iron  in  some  cases. 
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Phys.  Chad.  Crystals  prismatic  usually  elongated  par- 
allel to  c.  Very  marked  and  regular  cleavages  parallel  to  the  prism 
faces  no  and  110.  Qeavage  angle  varies  little  from  124*  in 
ail  species  except  senigmatite  in  which  it  is  114°,  Twinning 
common  ||  icx),  sometimes  multiple.  G.  =  2.9-3.55.  H,  =  4.- 
6.5.     Fusible  at  4-6.     Insoluble  in  acids,  except  slowly  in  HF, 

Opt.  Prop.  The  optic  plane  is  parallel  to  010  in  the 
crthorhombic  and  monoclinic  amphiboles,  and  varies  only  slightly 
from  the  same  position  in  the  triclinic.  In  the  monoclinic  amphi- 
boles the  axis  Z  makes  an  angle  with  the  vertical  crystal! ographic 


«l?.''5?-*>- 


axis  which  varies  from  0°  to  22°  except  in  the  uncommon  species 
that  are  rich  in  sodium  (e.  g.  arfvedsonite).     The  elongation  is 
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therefore  positive  in  the  common  species.  See  figure  2.  The  aver- 
age ref  ringence  is  less  than  that  of  the  pyroxenes ;  it  increases  with 
the  increase  of  iron.  The  birefringence  of  the  common  varieties 
is  about  0.020  to  0.025,  ^^^  ^^  griinerite  and  ferriferous  horn- 
blende it  is  much  more.  Amphiboles  in  thin  section  are  green, 
brown,  yellow,  blue,  or  colorless.  Pleochroism  is  usually  distinct, 
and  is  intense  in  the  ferriferous  varieties.  In  the  common  vari- 
eties the  absorption  is  greatest  parallel  to  Z  and  least  parallel 
toX. 

Alter.  Amphiboles  alter  readily  to  chlorite,  biotite,  ser- 
pentine, epidote,  calcite,  talc,  etc.  The  alteration  to  chlorite,  bio- 
tite, serpentine,  or  talc  is  a  gradual  process,  usually  beginning 
along  the  edges  and  the  cleavages  of  the  amphibole,  and  sometimes 
continuing  until  no  trace  of  the  original  mineral,  except  perhaps 
its  form,  is  to  be  found.  Under  the  action  of  intense  heat,  as,  for 
instance,  when  fragments  of  amphibole  crystals  are  caught  in 
volcanic  rocks,  the  mineral  is  often  rounded,  corroded,  and  more 
or  less  fused.  Upon  cooling  the  amphibole  does  not  recrystallize ; 
in  its  place  appear  grains  of  magnetite,  microlites  of  augite,  or 
an  aggregate  of  these  two  minerals. 

Occur.  Amphiboles  are  found  in  all  classes  of  eruptive, 
and  in  many  metamorphic,  rocks.  In  some  cases  they  are  suffi- 
ciently abundant  to  constitute  rocks,  with  other  minerals  so  subor- 
dinate in  amount  as  to  be  merely  accessory.  Amphiboles  are  often 
fomied  by  the  alteration  of  pyroxenes. 

DiAG.  Amphiboles  are  to  be  distinguished  from  pyr- 
oxenes thus : — 

Amphiboles.  Pyroxenes. 

Clenvngc    angle    about    124°.  Cleavage  angle  about  93°. 

Crystals    usually    long    prismatic.  Crystals   usually   short  prismatic. 

Color      and      pleochroism      usually  Color      and      pleochroism     usually 

marked.  weak. 

Maximum   extinction   angle  o°-25°  Maximum    extinction   angle   o**-95** 

r except   arfvedsonite,   etc.,   which  (common  species  30°-54®) 

have   marked    pleochroism  in  blue, 

green,   and   yellow   tints.) 

Most   species   negative.  Most   species  positive. 

Alter  to  chlorite,  etc.  Alter  to  amphibole,  etc. 

Class.  The  amphibole  group  includes  the  following 
species : 

Orthorhombic 
.\nthophylIite  (Mg.Fe)  SiO . 

Gedrite  (Mg.Fe)SiO,  with   (Mg,Fe)AI  SiO„ 


^ 


ANTHOPHYLLITE. 

Monoclinic 

Actinolite 
Richterite 
Curamingtonite 


CaM8,(SiO,>, 

Ca(Mg,Fe>j(SiO,), 

(Kj.Naj,Mg.Ca,Mn)SiO, 

(Fe,Mg)SiO, 

FeSiO, 


1 


]   PargasLte  |  i«Ca(Me,Fe),(SiO,), 

Hornblende  J  Conunon  hornblende    }- ±  n(Mg.Fc)j(Al,FeJ^SijO,j 
I  ]  Basaltic  hornblende     j   ±fNajAlj(Si03)^ 

^  l^  Barkivikite  J 

I  Katoforite 
Arfvedsonile  (Na„Ca,Fe)^Si^O,3  +  (Ca,Mg)/Al,Fe)^Si^O,, 

2NaFe(Si03)j.FeSiO'] 
NaFe(SiO,),.FeSiO' 


Rtebeckite 

Crocidoliti 


Glaucophat 


NaAl(Si03),.(Fe,Mg)Si0.i 


Na^Fe/Al.Fe)„(Si,Ti),„0„ 


ANTHOPHrLLITC 


ANTHOPHYLLITE. 

Ortiidrhousic  a:b:c::o.iiiT.l:  ?  {Mjj.FejSiO^ 

Phys.  Char.  Crystals  prismatic,  rare.  Commonly  fibrous,  long 
prismatic,  or  lamellar.  Perfect  prismatic  cleavage  at  an  angle  of  IZ5°±- 
Cleavage  or  parting  ||  oio  and  100  in  traces.  Occnrs  in  regular  growths 
with  hornblende  and  biotile.  G.  — 3.1-3.2.  H.  =  5.5-6.  Insoluble.  Diffi- 
cultly fusible. 

Opt.  Prop.  The  optic  plane  is  parallel  lo  010;  Z  is  parallel  10 
the  vertical  axis,  and  the  elongation  is  therefore  positive,  like  the  mineral 
itself.  The  extinction  is  always  parallel.  The 
angle  of  tb«  optic  axes  is  large  and  variable. 
Dispersion  p  <  ». 

{-(-)  2^  =  84°  + 

",  —  I.f'S?  "m  =  1-642  «p  =  1633 

«,  —  »,  =  0.025 

Color  brown  to  green.  No  pleochro- 
ism  nor  color  in  thin  section.  In  thick  sec- 
tion the  pleochroism  is  as  follows: — 

Z  — yellow  or  pale  green 
Y  :=  brownish 
X  =  brownish 
.^T.TEB.     Anthophyllite   alters   rather 
readily  to  talc,  baslite.  etc. 

Occur.  Found  in  various  schists, 
and    also,  as   secondary   product,    in    emptive 
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DiAC    The   arthorhombk  amphiboles  are  easily   distinguished 
from  the  monoclinic  by  their  parallel  extinction  and  absence  of  color. 


OsiHOKHOMBIC 


GBDRITE. 

:;ro.5229:ito.ai 


Similar  to  anthophyliite, 

and  more  iron.   Further  it  is  negaiive,  with  p  >  v.   Th 

angle  of  the  <^tic  axes  is  large  and  variable. 

(-)   2^  =  78°  ± 

n,=  1.644   »„=  1.636   N„=i-623 

n,  —  n„  =  0.021   to  0.023 

inclusions  of  biottti 


(Mg,Fe)SiO,  with 
{Mg,Fe)AljSiOo 


s  like  . 


m 


Gedrite  often 

spinel,  zircon,  elc. ;  it  sometimes  containf  inclu! 
those  giving  the   name   to  bronzitc. 

In  chemical  composition  and  in  optical  char- 
acters there  is  a  gradation  from  anthophyliite  to  ged- 
rite. As  the  alumina  (or  second  molecule  above)  in- 
creases the  optic  angle  about  Z  increases;  when  it  passes 
90"  the  sign  changes.  At  the  same  time  the  refrin- 
gence  and  l»refringence  decrease  slightly.  ''' 

TREMOLITE. 
MoKOcr-iNic  a;  fc:c::  0.5415;  1:0.2886  CaMgj(SiO;)^ 

P  =  74°  48' 
Phys.  Char.  Crystals  long  bladed  or  short  prismatic ; 
often  aciciilar  to  fibrous.  Perfect  prismatic  cleavage  at  an  angle 
of  124°  n';  cleavage  sometimes  distinct  |]  100  and  010. 
Traiisverse  fracture  frequent.  G.  ^^  2.9-3.1.  H.  =:  5.-6.  Fuses  to 
Is.  white  glass  or  gray  mass.     Insoluble  in  acids. 

Opt.  Prop.     The  plane  of  the  optic  axes  is  parallel  to 


010.  The  acute  bisectrix  is  negative,  iiiakir 
to  74°  with  the  vertical  axis.  The  maximum 
extinction  angle  in  the  vertical  zone  is  there- 
fore i8°-t5°.  The  elongation  is  positive.  Dis- 
persion, p  <.v.  weak. 

(— )  2F  =  So''  to  88° 
;ip  —  1.6340  ii„  =  1.6233  «P  ~  1.6065 

«B  —  "p  =  0.0275 

Colorless,  white,  gray  or  yellow. 
Colorless  in  thin  section. 

Inci..  Tremolite  of  the  metamor- 
phic  rocks  often  contains  inclusions  of  carbo- 
naceous matter,  or  of  biotite,  which  give  it 
various  colors. 

.\lter.     The  alteration  of  tremolite 


ingle  of  72° 


TREMOLITE 


TREMOLITE—ACTINOLITE. 
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to  talc  usually  begins  along  the  cleavage  planes.  It  also  alters 
sometimes  to  calcite. 

Occur.  It  is  found  in  schists,  in  veins,  and  in  contact 
rocks;  also  in  eruptive  rocks  as  an  alteration  product. 

Asbestus  of  commerce  is  a  fibrous  mineral  which  may 
be  either  tremolite,  actinoHte,  or  chrysotile;  the  best  asbestus  is 
a  variety  of  chrysotile. 

Jade  is  a  tough  compactly  interlaced  fibrous  mineral, 
white  lo  dark  green  in  color,  used  by  early  man  for  ornaments. 
It  is  usually  tremolite  or  actinolite;  sometimes  it  is  jadeite,  one 
of  the  pyroxenes, 

Di.vG.  Tremolite  is  distinguished  from  hornblende  by 
the  absence  of  alumina  and  of  color;  also  it  has  different  etching 
figures  on  cleavage  faces,  WoUastonite  has  its  optic  plane  per- 
pendicular to  its  elongation,  which  is  therefore  of  variable  sign. 
Tremolite  has  the  lowest  index  of  refraction  found  in  the  mono- 
clinic  amphiboles. 

ACTINOLITE. 

MoNOCLiNic      a:b:  c:: 0.5415:  i : 0.2886      Ca(Mg,Fe)j(SiOj), 
^='74"  48' 

Phvs.  Ch.\h.  Similar  to  tremolite,  but  darker  in  color 
and  higher  in  specific  gravity  on  account  of  the  presence  of  iron, 
G.  ^  3.1  to  3.2.    Fusible  to  a  gray  enamel.    Insoluble  in  acids. 

Opt.   Prop.     Similar  to  tremolite,   but 
the   maximum   extinction   angle   in   the   vertical 
zone  is  15°,  and  the  mineral  is  colored  and  pleo- 
chroic.     Dispersion  weak  with  p  <iv. 
(— )   2^=75'  to  80°. 

H,  =  1.636       Hm  =  1.627       "P=  '-6" 
ttg »p  —  0.025 

Color  usually  pale  to  dark  green.  ln,e 
thin  section  the  intensity  of  the  color  and  of  the 
pleochrotsm  varies  with  the  percentage  of  Iron 
present.  Tremolite  contains  less  than  three  per 
cent,  of  FeO;  actinolite  varies  in  iron  content 
from  this  amount  to  twenty  per  cent,  or  more. 
The  pleochroic  formula  follows : — 

Z  =  pale  to  dark  green 

Y  ^  greenish  yellow 

X  =  very  pale  yellow 


ACTINOLITE 
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Incl.     Similar  to  tremolite. 

Alter.     Actinolite  alters  to  chlorite,  epidote,  talc,  etc. 

Occur.  Actinolite  and  tremolite  have  the  same  mode 
of  occurrence  and  are  often  associated. 

Uralile  is  a  name  given  to  aniphibolc  which  is  produced 
by  the  alteration  of  pyroxene.  It  is  usually  actinolite,  though  it 
may  also  be  tremolite,  or  even  hornblende. 

DiAC.  Actinolite  is  distinguished  from  hornblende  by 
the  absence  of  alumina,  and  by  different  etching  figures  on  cleav- 
age faces.  Epidote  has  its  optic  plane  perpendicular  to  the 
cleavage. 

RICHTERITE. 
MoNocLiNic  a-.b.c:  10.5499: 1 10.2854  (K,,Naj.Mg,Ca,Mn)SiOj 

Similar  to  tremolite,  but  contains  alkalies  and  manganese.    G.=^ 
2.8-3.1.     The  maximum  extincfion  angle  in  the  vertical  zone  is  17°  to  20°. 
Optic  angle  large,    Disptrsion  weak,  p<i'. 
(— )  ar^So" 
Ng=  1.64  n„  =  1.63  «j—  1.62 


Color  brown  to 
violet.  Pleochroism  weak  i 
less,  X  pale  yellowish. 

Richtcrite  occurs 
tinguished  by  its  pleochroii 


yello\ 


rarely   rose   red   or   blue  to  grayish 
clion  with  Z  yellowish  brown,  Y  color- 


in  rare  alkaline   rocks  in  Sweden.     It   is 
ti,  and  by  the  presence  of  alkalies  and  t 


CUHHINGTONITE. 

KoNOCLINIC 

Identical  with  amhophyllite  in  composition 
olite  in  physical  and  optical  ciiaracicrs.     G.— 3.1-3.3 

Opt.  E*hop.  Optic  angle  large.  Dis- 
persion p  <  I'.  The  maximum  extinciiim  ang!» 
in  the  vertical  zone   (Z  A  c)   is -I- 14°  to  -|- 17°. 


Cnnimingtonile  is  only  slightly  colored 
section,  rind   the  pleochroism   is  weak. 
Z  —  clear  l)rownish  yellow 
Y  =  very  pale  yellowish 
X  —  very  pale  yellowish 
Dannemorite    i-t  like  cunimingtonite.  hut 


(Fe.Mg)SiO, 


CUnni.N6T0NITC 


It  o 


rales  1 


necdk.-.  (1.^3.4.  Difficultly  fusible.  Insoluble 
The  mnxiniiim  extinction  angle  in  the  vertica 
.'(inc  is  al»nit  [4'.  Optic  angle  large;  negative 
Sometimes  colnrk'ss:  also  colored  and  pleochroic 
Kare. 


gray  and  yellow  tints. 


GRbNCRITC 


GRUENERITE—HORNBLESDE.  1 1 1 

DiAO.  Cummingtonite  is  distinguished  from  antliophyliice  by 
its  optical  characters,  and  from  actinolite  by  greater  density  and  absence 
gf  calcium.     It  is  rare. 

GRUENERITE. 
MoNOCMNiC  FeSiO^ 

Phys.  Ckas.  Crystals  rare;  usually  in  fibrous  or  lamellar 
masses.  Perfect  pristnatie  cleavage  ||  no.  Twinning  ||  lOo  very  poly- 
synthetic.     G.  =  ,17±.     Fusible  to  a  black  magnetic  glass. 

Opt.  Prop.  The  optic  plane  is  parallel  to  oio.  and  the  negative 
acute  bisectrix  makes  an  angle  of  75°  to  79°  with  the  vertical  axis.  The 
maximum  extinction  angle  in  the  vertical  zone  is  there- 
fore 15°  to  11°.  The  birefringence  is  Ihe  strongest 
known  in  the  amphibole  group  with  the  single  excep- 
tion of  the  dork  basaltic  hornblende.  The  optic  angle 
is  iarge.     E>ispersion  p  >  tr,  with  weak  inchned  disper- 

(_)  aC^V^  (2E  =  95°±) 

••ai=I-73 

•   K,  — »p  =  ao56  " 

Color  brown.     Luster  silky.     In   thin   section 
the  pleochroism  is  weak  with, 

Z  =  pale  yellow   lo  brownish 
Y  =  colorless 
X  —  colorless 
Occuii.  Found  in  micaschists  in  Europe;  also 
in  highly  altered  rocks  of  the  Lake  Superior  region. 

DiAG.  Distinguished  from  other  ampbiboles  by  its  strong  bire- 
fringence and  multiple  twinning.  But  the  birefringciKC  is  only  0.030  in 
one  occurrence  in  the  Lake  Superior  region  according  to  Lane. 

HORNBLENDE. 
MoNOCLiNic     a:fr:r::o.5509:  1:0.2937     wiCa  ( Mg.Fe) ,  ( SiO-)  ^ 
^  =  7^"  58'    ±H(Mg,Fe),(Al,Fe).Si,CV 
±^Na,Al,(SiO,), 
Phvs.  Char.    Usually  elongated  parallel  to  the  vertical 
axis,  sometimes   in  short   well-formed   crystals;   also  sometimes 
fibrous.     Qeavage  perfect  ||   no,  making  an  angle  of  124°   it'. 
Cleavage  sometimes  distinct   ||    100  and  010.     Parting  not   in- 
frequently   present    |]     100   or   001.    accompanied    by    polysyn- 
ihetic  twinning.    The  specific  gravity  varies  from  3.  to  3.47,  in- 
creasing with  the  percentage  of  iron.     Thus,  for  edenite,  parga- 
site,  and  common  hornblende,  G.  :=  3.  to  3.1.  for  basaltic  horn- 
blende. G.=  3.i  to  3.47.  and  for  barkevikite.  G.  =  3,43.     H.  ^ 
5.5.     Readily  fusible  to  a  greenish  yellow  or  black  enamel.     In- 
soluble in  acids. 
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Opt.  Prop.  The  plane  of  the  optic  axes  is  parallel  to 
oio,  in  which  face  Z  makes  a  variable  angle  with  the  vertical 
crj'stallopraphic  axis  in  the  obtuse  angle  p;  thus,  it  is  0°  to  I0° 
in  basaltic  hornblende,  12°  to  14''  in  barkevikite,  and  15°  to  25" 
in  common  hornblende,  pargasite,  and  some  brown  hornblendes. 


The  acute  bisectrix  is  negative  (X)  in  all  varieties  of  hornblende, 
except  pargasite,  in  which  it  is  positive.  The  angle  of  the  optic 
axes  varies  from  59°  in  pargasite  to  84°  in  common  hornblende. 
The  refringence  and  birefringence  var>'  together,  increasing  with 
the  percentage  of  iron  until  in  basaltic  hornblende  we  have  the 
strongest  birefringence  found  in  the  aniphibole  group. 
( — t  21'  —  '^^°  in  common  hornblende:  extinction  angle  of  20°. 
( — 1  jf  =~()'  in  basaltic  hornblende:  extinction  angle  —  i°-2°. 
1—1   jI  "  —  51)'  in  pargiisite ;  maximum  extinction  angle  —  18° 


Ci'mnion   ln'riibloiiiie    t.t>5j         1.642         1.639        0.024 

lias.iliic  htirnMemlc   1.708         1.695         1677        O.031 

R;isallic  hiirnbleTUle   1.752         1.725         t.68o        0.072 

Tlic  inclined  dispersion  is  distinct,  with  p  <  v,  except  in 
li;irg;i<ite  where  one  finds  p  >  7: 

Colorless,  gray,  green,  greenish  blue,  brown,  or  black. 
The  pleoehroisuj  is  always  distinct  except  in  varieties  ledoiite) 
whii-li  :ire  nearly  i^r  quilo  colorless.  It  is  generally  more  intense 
ill  brown  hornblondc  than  in  green.  The  plcochroic  tints  arc 
tnllller^'us.  but  they  ali  fall  in  the  green,  brown,  and  yellow  cate- 
i;ories.     The  absoqition  formula  is  Z  >  Y  >  X  in  all  varieties. 

'  Il..rnt.l.-lu1^  RllTi  'ihiiiKlnDI   lr..ii.     Hull.  S-.:  Fr.  illn.  1003.  XSVI.  p.   IL'6. 


HORNBLENDE. 


"3 


Common  hornblende 
Common  hornblende 
Common  hornblende 

Common  hornblende 

Common  hornblende 

Sor6lite 

Basaltic  hornblende 

Bapaltk   hornblende 
Basallic  hornblende 
Tiarkevikito 
Uarke\ikite 


X 


pale  grreen 
bluish  grreen 
dark  olive  green 

dark  brownish 

green 
reddish  yellow 

dark  green  or 

green  l&h  brown 
dark  brown 

dark  green    , 
reddish  brown 
brow^n 

varioud  shades 
of  green 


pale  brown 
clear  green 
dark  brownish 

green 
dark  brown 

brownish  yellow 

green  or  brown 

dark  brown 

brownish  green 
clear  brown 
reddish  brow];^ 
clear  green 


cl^ar  brown 
clear  yeJlow 
clear  brownish 

yellow 
clear  yellow 

almost  colorless 

yellow 
pale  greenish 

yellow 
pale  brown  or 

yellow 
greenish  yellow 
palo  yellow 
brownish  yellow 
greenish  yellow 


Incl.  Hornblende  has  many  inclusions,  but  none  that  are 
characteristic.  Vitreous  inclusions  occur  in  hornblende  of  the 
volcanic  rocks;  rutile  is  common  in  hornblende  of  the  metamor- 
phic  rocks;  ferruginous  inclusions  are  not  rare. 

Alter.  By  ordinary  alteration  hornblende  passes  into 
chlorite,  sometimes  accompanied  by  epidote,  calcite,  siderite, 
quartz,  etc.  Less  commonly  hornblende  alters  to  biotite,  or  to 
biotite  and  epidote.  Still  more  rarely  the  alteration  product  is 
titanite.  By  the  action  of  heat,  and  through  refusion,  hornblende 
is  transformed  into  augite,  often  accompanied  by  magnetite,  and 
occasionally  by  microlitic  feldspars. 

Occur.  Hornblende  occurs  in  igneous  rocks,  in  con- 
tact rocks,  and  in  ordinary  metamorphic  rocks.  It  is  especially 
abundant  in  many  basic  igneous  rocks,  and  in  hornblende  schists. 

Lacroix  (Nouv.  Arch.  Mus.  IX.  1907.  p.  89)  has  recently  de- 
scribed a  variety  of  hornblende  in  the  rocks  of  V^esuvius  with  some  un- 
usual characters.  It  has  an  extinction  angle  (Z  A  c)  in  010  of  -\-33°. 
The  optic  angle  (2F)  about  the  positive  bisectrix  is  very  large;  the  pleo- 
chroic  colors  are  Z  yellowish  green,  Y  brownish  yellow.  X  pale  yellow, 
with  Y  >  or  =  Z  >  X.  The  birefringence  is  only  0.014.  Chemically  the 
variety  is  characterized  by  high  ferric  iron  (and  titanic  acid),  and  low 
alumina:  it  is  also  rich  in  magnesia  and  soda. 

DiAG.  Hornblende  is  characterized  by  high  relief,  rather 
high  (or  very  high)  interference  colors,  cleavages  making  an  angle 
of  124**,  small  maximum  extinction  angle  in  the  vertical  zone  (o* 
to  25°),  and  distinct  green  or  brown  color  f  except  edenite)  with 
strong  plcochroism. 
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KATOFORITE. 

MoNOCLisic  Composition? 

Phys.  Cuak.  Similar  to  hornblende  in  physical  characters,  but 
distinguished  from  it  by  optical  properties.  Katoforite  probably  contains 
considerable  soda,  and  perhaps  also  titanic  acid. 

Opt.  Psop.    The  plane  of  the  optic  axes  is  parallel  to  oio,  in 
which  the  axis  Z  makes  an  angle,  varying  from  30°  to  &D°,  with  the  ver- 
tical cryslallographic  axis  in  the  obtuse  angle  p. 
(— )  aE-^fo" 


optical  orlem&tion  of  kaCorurltt. 


The  absorption   is  quite  characteristic  with   Y  >  Z  >  X.    The 
pleochroic  colors  are  also  somewhat  characteristic,  as   follows;— 
Z  =  yellow,  slightly  greenish 
Y  —  violet  or  violet  red 
X  —  brownish  yellow 
Occur.      Katoforite    is    found    in    acid    alkaline    igneous    rocks. 
Rare. 

DiAG.  It  is  characterized  by  cleavages  making  an  angle  of  124°, 
a  maximum  extinction  angle  in  Ihe  vertical  zone  exceeding  30°  and  less 
than  60°,  and  maximum  absorption  parallel  to  Y  (that  is.  perpendicular 
to  the  elongation). 


ARFVEDSONITE. 


1,5496 : 


0-^J75 


(N'a   Ca,Fe).Si^O„  with 


Opt,  Pbok 
hornblende,  hut  the 


(3  =  75°  44'  (Ca.Mg>,(.\l.Fe),Si.O,^ 

iR.  Crystals  long  pris:natic,  sometimes  bladcd,  Sira- 
physical  characters,  but  contains  considerable  soda 
H,  =  6.  Fu'iihle  at  2  with  inlnmescence,  Insolnble. 
Tlic  plane  of  the  optic  axes  is  parallel  to  010  as  in 
xh  X  is  more  nearly  parallel  to  the  vertical  crystal- 


ARFVEDSONiTE—RIEBECKITE. 


lographic  axis  than  the  axis  Z.    Therefore  tlie  eloc 
maximum   extinclion   angle   in    the   vertical   zone 
14°.     The  optic  angle  is  very  large. 
(— >   zl'  —  very  large 
«,  =  1,708  n„  =  1.707  "p  =  1-687 

«,-«^  =  0.021 
Color   blue   to   black.      The   ab.sorption 
always  X>Y>Z,  and  the  pleochroism  is  inter 
in  blue  and  green  tints,  as  follows: — 
Z  =  pale  greenish  yellow 
Y  —  lavender  blue 
X  =  deep  greenish  blue 
Alter.     Arfvedsonite  alters 
jnil*  »r  green  »;gyrine  with  icpidomelane,  often  with 
separation  of   iron   oxides   and  carbonate, 

OccuH.  Arfvedsontte  occurs  in  igneous 
rocks  rich  in  soda,  such  as  nepheline  syenites. 

DiAC.  It  is  characterized  by  negative 
elongation,  peculiar  pleochroism  and  absorption,  and 
maximum  extiriction  angle  { 14° )  in  the  vertical 
zone;  chemically,  it  is  richer  in  sodium  ihan  hornblende. 


ARrVCDSONITC 


)  brown  ac- 


Optlcal    orientation 
of  arfvedsonite. 


MONOCLtMIC 


RIEBECKITE. 

: : :  0.5475 :  « :  0.2295 


2NaFeSi,O..FeSiO, 


^-(•' 


;  parallel  to  oio,  in 
rtical  crystal  lographic 


RIEBECKITE 


Phvs.  Char.  Crystals  prismatic,  vertically  striated ;  rarely 
fibrous.  Similar  to  hornblende  in  physical  characters,  but  contains  much 
soda  and  iron.     H.  =  4.     G.  =  3.44. 

Opt.  Prop.    The  plane  of  the  optic  axi 
which  the  axis  X  makes  an  angle  of  5*  with  the 
axis  in  ihe  acute  angle  j8-     Therefore  the  elonga- 
tion is  neRative.     The  optic  angle  is  very  large  and 
the  optic  sign  is  positive.     The  birefringence  is  not 
strong:   the   intense   color  and   pleochroism   together 
with  the  strong  dispersion  prevent  precise  measures 
of  the  refringence  and  optic  angle. 
i-f)   ir=  very  large 
«,>i.eS7  "p<'-f«? 
"«  —  «,  =  0.005 
Color  dark  blue  to  black.    The  absorption 
is   X  >  Y  >  Z,   and   the  pleochroic  colors  are; — 
Z  =  yellowish  green 
Y  =  blue 
X  =  dark  indigo  blue,  nearly  black 

Occur,      Rlebeckite    occttr';    in    sodic    ig- 
neous rocks,  and  in   some  nieiamorphic   rocks. 

DiAO.     It  is  characterized  by  intense  pleo-      '~""ot%\el^vMi""' 
chroism,  intense  color,  stroi^  dispersion,  and  nega- 
tive elongation.     The  strong  dispersion  and  deep  color  make  it  difficult  t 


FlB.  16. 
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d«ermine  the  sign  of  the  elongatio 
the  mineral  from  Klaucophane. 


,  whi(^  is  inqxytant  to  distinguT^h 


CROCIDOLITE. 


in   soda   and   iron.      Usually   fibrous,   sometimes   more 
interlaced.      G.  =  3-2-3-3-      H.  =  4.      Fusible    easily 
with  inlnmesceoce.     Insoluble. 

Oft.  Prop.  The  plane  of  the  optic  axes 
is  parallel  to  010.  in  which  the  axis  X  makes  an 
angle  of  18°  to  21°  with  the  vertical  crystallographic 
axis  in  the  acute  angle  p.  The  optic  angle  is  large, 
and  the  sign  is  positive. 

(  +  )  2£  =  95°  about 


NaFeSi,0,.FeSiO, 
1  physical  characters ; 


or  less  compactly 


cttocroouTc 


of 


n  I  —  '•b  =  0°^5 
Color  dark  blue.    The  pleochroism  i: 
and  somewhat  variable : — 
Z  =  nearly  colorless  yellow 
Y  =  violet  blue 

X  =  greenish   bhie  to  sea  green 
OccL'B.      Crocidolite    seems   to   be   always 
ndary  oripn.     It  is  found  both  in  igneous  and      optical 
irphic  rocks. 

DiAc.     It  is  characterized  by  negative  elongation,  large  optic 
ingle,  pleochroism,  and  maximum  extitKtion  angle  in  the  vertical  zone. 


LTocidolUe. 


GLAUCOPHANE. 


MoNOCLiNic      a :  fc :  c : : 


0.5.^ :  I .-( 

PiiYS.  Char.  Similar 
to  hornblende  in  physical  char- 
acters; rich  in  soda  and  iron.  G. 
=  3.-3.14.  H.  =  6. -6.5.  Readily 
fusible.  Insoltible. 

Opt.  Prop.  The  plane 
of  tlie  optic  axes  is  parallel  to 
010,  in  which  the  axis  Z  makes 
an  angle  of  4°  to  6°  with  the 
vertical  crystallographic  axis  in 
the  obtnse  angle  /3.  The  bire- 
fringence is  somewhat  variable. 
The  optic  sign  is  negative.  Dis- 
per.iicn   p  >  z'   strong. 


.29      NaAlSijO,.(  Fe,Mg)SiO. 


FIkb.    Ifia  and   IRb. 

OptlrHl  oilentntlon  o(  normal  Jtlau- 

cophune    (Ifia)    nnd   of   glau- 

cophane   Rradlng    toward 

hornblende  (ISb). 


GLA  UCOPHANE—AENIGMATITE,  1 17 

(— )  2£  =  44**  to  50^ 
ng=  1.6390 
nin=  1. 638 1 

»P=:  1. 6212 

«g  —  «p  =  0.018  to  0.022 
Color  lavender  blue  to  bluish  black.  The  pleochroism 
of  glaucophane  is  very  distinct  and  characteristic,  but  at  the  same 
time  it  is  quite  variable  in  intensity,  and  sometimes  in  tint 
parallel  to  Z.  The  intensity  of  the  pleochroism  seems  to  vary 
directly  with  the  content  of  iron.     The  colors  are: 

Z  =  lavender  blue  to  dark  Prussian  blue 

Y  =  violet  blue  violet  blue 

X  =  colorless  or  yellowish  to  clear  greenish  yellow 

Alter.  Glaucophane  seems  to  alter  readily  to  a  green 
sodic  hornblende;  often  the  transformation  seems  to  be  incom- 
plete, and  then  the  mineral,  which  may  be  considered  an  abnor- 
mal glaucophane,  has  a  maximum  extinction  angle  in  the  vertical 
zone  of  16**,  or  even  20°  or  22**.  Furthermore,  the  color  parallel 
to  Z  changes  to  a  pale  greenish  blue. 

Occur.  Glaucophane  occurs  in  schistose  and  in  altered 
igneous  rocks. 

Crossite  is  intermediate  between  glaucophane  and  riebeckite 
in  composition.  G.  =  3.16.  The  optic  plane  and  obtuse  bisectrix  Z  seem 
10  be  normal  to  010  with  Yac  =  i6**  to  30**  in  the  acute  angle  p.  The 
optic  angle  is  variable  to  zero,  and  the  dispersion  is  very  strong.  Bire- 
fringence, n^  —  Hp  =  0.021  at  most.  Pleochroism  intense  with  Z  dark 
violet,  Y  dark  blue,  X  bright  yellow.  Murgoci  suggests  that  there  is  a 
continuous  series  from  glaucophane  to  crossite,  the  optic  angle  passing 
through  zero,  the  variation  corresponding  to  variation  in  the  amount  of 
Fej(Si03)3  present. 

DiAG.  Glaucophane  is  easily  distinguished  by  its  blue 
color,  marked  pleochroism,  and  positive  elongation. 

iENIGMATITE  (Cossyrite). 
Thiclinic  a:  &:  c:  10.6778 :  1:0.3506  NVFe„(Al,Fe)^(Si,Ti),,0,„ 


a  =  <;o°  ±:   R  =  72°  49'  y  =  90''  =t 


Phys.  Char.     Crystals  of  aenigmatitc  much  resemble  those  of 
the  monoclinic  amphibolcs;  the  chief  difference  is  in  the  angle  no  A  lib, 
(the  cleavage  angle)  which  is  114°  9'  instead  of  al>out  124°  as  in  the  other 
amphiboles.    Crystals  usually  elongated  |i  c.    Twinninjj  on  010  is  common 
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«NIGMATtTC 


and  vinn'tiiiies  polysyiitlietic.  The  cleavages  ||  IIO 
«nd  iTo  are  not  as  perfect  as  in  other  amphiboles. 
G,  -  3.74-3.85.  H.  =  5.5  Readily  (usible.  Partly 
decomposed  by  acids. 

Opt.  Prop.  The  plane  of  the  optic  a»es 
is  nearly  parallel  to  010;  the  axis  Z  makes  an  angle 
of  about  45°  with  the  vertical  crystallographic  axis 
in  010  and  about  4°  in  100.  The  acute  bisectrix  is 
positive.  The  refringience  is  about  like  that  of  horn- 
blende. 

(f)  zE  — 60°  about 

Color  black;  streak  reddish  brown.  The 
absorption  is  Z  >  Y  >  X,  and  the  pleochroism  is  ex- 
tremely  intense   as   follows: — 

Z  =.  very  dark  brown 
Y  =.  dark  chestnut   brown 
X  =:  clear  reddish  brown 
Occult.     Found  in  nepheline  syenite  and  similar  rocks. 


Fig,   17. 
Optical    orl^nlHtlon 

Rare, 


Rhonite  [(Mg.Ca.Fe),!  Al.Fc)„(Si,Ti)20j„]  is  isomorphous 
with  Ecnigniatite,  and  resembles  it  optically.  Crystal  habit  like  horn- 
blende; twinning  on  010.  G.  >3.56;  about  3.58.  Transparent  to  opaque. 
Streak  red  brown.  Optic  plane  inclined  somewhat  .to  010  crossiiig  the 
vertical  axis  from  the  right  below  to  the  left  above.  Extinction  angle  in 
sections  normal  to  c  7°.  measured  on  010.  Extinction  angle  (Z)  in  oiu 
in  the  acute  angle  j8  39°-40°  from  c.  Refringencc  and  birefringence  about 
the  same  as  in  hornblende.  Pleochroism  strong  in  thin  section  with  X 
brown,  sometimes  greenish,  Y  brown,  Z  dark  red  brown  to  black.  Found 
in  basic  igneous  rocks,  especially  l»asalts. 

DiAC.  Distinguished  by  intense  color,  high  rcfringence,  absence 
of  parallel  extinction  even  in  sections  parallel  to  too,  and  cleavage  angle. 

ANALCITE,  see  zeolite  group. 

ANAPAITE.  . 

Triclcmc  a:b:  c::  0.875:  1:0.597 

fi  -  106°   47' 

Phvs.  Ch\h.  Crystals  often  radiated,  elongated  ||  c.  H.=.-3.-4. 
G.  — 2.81.    Slowly  soluble  in  acids. 

Oft.  Prop.  The  optic  plane  in  100  makes  an  angle  of  15°  with 
c.     ir  — 1,5753.     2/;  =  i27°Na.     Color   green. 

Occur.     Found  in  iron  mines.    Very  rare, 

ANDALUSITE  (Chiastolite). 

ORTHoKHOMp,ir  a :  h :  c : : 0.986 :  1 : 0.702  Al„SiO. 

Phvs,  Char.    Crystals  always  more  or  less  elongated,  parallel 

to  the  vertical  axis ;  also  columnar  radiated,  granular,  massive.    Geavage 


FeCa,(POp,-|-4HjO 
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good,  parallel  to  no,  forming  a 


»  010, 


vith  Ihe  nega- 


ANDALUSITt 


111' 

'I'li'f 

■f 

I 

Fig.  18. 

Optical    orientation 

ol    andaluslte. 


angle  of  90°  48';  in  traces  parallel  to  100 
'.  Hardness  and  specific  gravity  often 
diminished  by  micaceous  alteration.  Infusible.  Insoluble.  Gives  blue  color 
with  cobalt  solution. 

Opt.  Prop.    The  optic  plane  is  parallel  t' 
five  acute  bisectrix  X  perpendicular  to  001. 
(-)  2f  =  83°lo85° 

«,  =  1.643     »m  =  I-^     >>„  =  1-632 
Z         «j— n,=dO.On  X 

Color   rose   red,    violet,    whitish ;    through 
alterations  or  inclusions  may  be  gray,  brown,  green 
or  black.     Pleochroism  variable  in  intensity  even  in  a 
single  crystal,  with   absorption  X  >  Y  >  Z. 
Z  =  colorless  or  very  pale  yellow 
Y  =  colorless  or  very  pale  yellow 
X  =  rose  red 

I  NCI-  Andalusite  in  the  metamorphic 
rocks  often  contains  carbonaceous  itKlusions  and  is 
then  known  as  chtastaitte.  These  inclusions  are 
nearly  always  distributed  through  the  crystal  in  some 
gcomelrical  form  conforming  to  the  symmetry  of 
the  mineral.  Andalusite  of  the  igneous  rocks  (peg- 
matite, etc.)  has  few  inclusions,  and  none 
characteristic. 

Alteb.  Andalusite  alters  readily  to  colorless  mica  (damour- 
ite)  ;  also,  rarely,  to  a  mixture  of  corundum  and  spinel,  with  rutile  and 

Occur.  Andalusite  is  found  in  granitic  eruptive  rocks  and  in 
metamorphosed  sedimentary  rocks. 

DiAC.  It  is  distinguished  by  its  rectangular  form,  very  fine  pris- 
matic cleavage  nearly  at  right  angles,  negative  elongation  and  bisectrix. 
rose  red  pleochroism,  weak  birefringeitce  and  frequent  carbonaceous  in- 
clusions.    It  is  not  attacked  even  by  hydrofluoric  acid. 

ANDESINE,  see  feldspar  group.  ANDRADITE,  see  garnet 
group.  ANGLESITE,  see  harite  group.  ANHYDRITE,  see  barite 
group.  ANNABERGITE.  see  vivianite.  ANORTHITE,  see  feld- 
spar group.  ANORTHOCLASE,  see  feldspar  group.  ANTHOPHYL- 
LITE,  see  amphibole  group.     ANTIGORITE,  see   serpentine  group. 

Apatite  Group. 

The  minerals  of  the  apatite  group  are  phosphates,  arsen- 
ates cr  vanadates  of  calcium  or  lead  with  chlorine  or  fluorine. 
.A.patite  is  the  only  member  of  the  group  occurring  commonly  in 
recks.  Its  hardness  is  greater  and  its  density  much  less  than 
those  of  others  of  the  group.  The  minerals  are  all  hexagonal 
with  closely  similar  form,  commonly  in  short  prisms  with  basal 
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or  pyramidal  icnranaiiotis.  Optically  they  are  all  negative  and 
normally  uniaxial,  but  the  presence  o£  arsenic  seems  to  result  in 
distinct  biaxial  character,  suggesting  imperfect  hexagonal  sym- 
mctr\*  in  the  arsenate. 

The  minerals  of  the  group  are  the  following: — 


Apatite 

P>-roaK  rph:t€ 

MimctTie 

Vanadinitc 

APATITK. 


J  =  CLT224 

c  =  0.7122 


Ca^(.CaF>^PO^), 
or  Ca^iCaQXPOp, 
Pb^<PbaMPOj, 
Pb^(PbClMA<Oj3 
Pb  cPbCMVOJ, 


Hexagonal     iT  =  0.7546  Ca^«  CaF  ^  •  PO^  •  j  cr  Ca^i  CaQ)  (P04)3 

Phvs.  Char.    Crystals  long,  prismatic,  or  short  tabular 

prisn':?  s»>"»metimes  highly  modified.     Prisms  terminated  by  the 

base  or  by  a  pyramid.  Also  less  commonly 
globular,  reniform.  or  m.assive;  fibrous,  col- 
umnar or  granular.  Oeavage  in  traces 
0001.  H.  =  ^.  G.  =  ^.  16- V22.  Fuses  at 
about  5.  giving  reddish  flame  color.  Soluble  in 
Ha  or  HXO.. 

K  ^PT.  Prop.  Optically  negative.  Usu- 
ally strictly  unia:tial.  but  occasionally  the  optic 
axial  an£:!e*  2E  '  exceeds  io\  This  condi- 
lion  is  found  in  apatite  oi  the  rxrk  mass  as 
well  as  :::  '.arce  crvs::/.s  ior::ieti  in  cavities.  Mallard,  from  the 
stiu!y  .f  tr.ese  ancir.alies.  considers  the  mineral  probably  ortho- 
rhv  :r Mo.  T>.c  refrincjenoe  is  rtv; derate :  the  birefringence  qtiite 
weak.  Tr.e  indices  of  refracti*  n.  and  birefring^enoe.  seem  to  vary 
\vit!i  t-ie  c.-::ten:  of  rtuorine  or  chlorine. 


A    sin::.;       .  r*'^-*'- 
form  of  ^pviiite. 


•:^  —  l.^.vv^  -  l.r'3S5> 


;.*\VjI  -  1/4S 
»:.  =  l.'^jlt?  -  I-0J4r^  1-^341  -  1-^43 

•,  ^  —  •:.  —  o  CO !  o  -  o.ocuj  0.0034  -  0.005 

^'o\^r  green,  Kne.  red.,  white,  gray,  brown.  Ustially 
orlor'ess  in  thin  section:  >  nietimes  crav.  bine,  or  brown,  with 
the  c.^l/'r  irrec-'larly  distributed  in  clouds  or  lines,  perhaps  due 
tv^  <v.!>!rior  ^c  ^pio  inclusions.  Colored  varieties  weakly  pleochroic 
wi:!;  X  >  Z. 

Incl.  I  "Occasionally  apatite  contains  ninnerous  dark 
mclusi*  i\< :    sometimes    these   are   arranged    in    vertical    lines   or 
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centrally,  or  zonally.  They  are  sometimes  fluid  or  gaseous.  Such 
inclusions  may  give  color  to  the  mineral. 

Alter.  Apatite  is  quite  fresh,  even  when  the  enclos- 
ing minerals  have  undergone  complete  alteration. 

Occur.  Apatite  is  very  widely,  but  usually  very  sparse- 
ly, distributed  in  all  kinds  of  rocks.  It  occurs  fnost  abundantly 
in  regions  of  crystalline  schists,  as  in  Renfrew  County,  Ontario, 
and  in  the  Odenwald.  In  Canada  it  is  associated  with  metamor- 
phosed limestone  and  accompanied  by  titanite,  amphibole,  zircon, 
pyroxene,  garnet,  vesuvianite.  It  is  found  in  sedimentary  rocks 
chiefly  as  the  result  of  organic  deposits.  In  igneous  rocks  it-  is 
somewhat  more  abundant  in  basic  types;  very  rarely  is  it  more 
than  an  accessory  constituent.  Finally,  it  is  found  in  dikes  and 
veins,  sometimes  in  large  crystals. 

DiAG.  Apatite  in  its  common  crystal  form  is  readi^ly  dis- 
tinguished from  other  minerals  by  that  means,  and  by  its  moder- 
ately high  relief,  very  weak  birefringence,  and  absence  of  distinct 
cleavage.  Apatite  differs  from  quartz  in  having  higher  relief, 
weaker  birefringence  and  negative  sign.  Anhedral  apatite  is 
more  easily  confused  with  other  minerals;  it  is  distinguished 
from  eudialyte  by  somewhat  higher  refraction,  absence  of  distinct 
cleavage,  and  chemical  reactions ;  meliiite  is  optically  of  variable 
sign,  has  a  distinct  cleavage,  and  abnormal  interference  colors; 
gehlenitc  has  somewhat  higher  relief  than  apatite;  vesuvianite 
has  still  higher  relief. 

PYROMORPHITE. 

Hexagonal  c  =  0.7362  Pb^(PbCl)  (PO^), 

Phys.  Char.  Crystals  prismatic,  horizontally  striated  on  prism 
faces.  Also  globular,  reniform ;  fibrous  or  granular.  Cleavage  only  in 
traces  |l^  loTo  and  lofi.  H.  =  3.5-4.  G.  =  6.5-7.1,  varying  with  the  amount 
of  arsenic  replacing  phosphorus :  when  calcium  is  present  replacing  lead 
the  density  falls  to  5.9-6.5.  B.B.  fuses  at  1.5  coloring  the  flame  bluish 
green.     Soluble  in  HNO^. 

Opt.  Prop.  Optically  negative.  Normally  uniaxial,  but  biaxial 
whenever  arsenic  is  present;  the  optic  axial  angle  increases  with  increase 
of  arsenic.  The  refringence  is  extremely  high,  but  the  birefringence  is 
weak. 

Wg  =  2.0504Na     n^  =  2.042oNa 
u^  —  «p  =  o.oo84Na 

Color  green,  yellow,  brown,  gray,  white.  Pleochroic  in  crystals 
with  Z  green,  X  greenish  yellow. 

Alter.    Alters  uncommonly  to  galena,  cerussite,  calcite,  etc. 
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OccuB-  Pyromorphitc  is  found  chiefly  in  veins  with  other  lead 
ores;  also,  sparingly,  disseminated  in  limestone  in  regions  of  lead  ores. 

Mioietite  is  the  related  arsenate  of  lead  of  similar  form  and 
habit,  and  yellow,  brown  or  white  color.  G.  =  7X)-7.25.  It  is  distinguished 
from  pyromorphite  optically  by  the  common  biaxial  character,  the  angle 
of  the  optic  axes.  (2£)  attaining  64°.  In  a  basal  section  there  are  six 
triangular  sectors  with  the  axial  plane  in  each  parallel  with  the  side  of 
the  hexagon  and  the  negative  acute  bisectrix  normal  to  0001.  The  refrin- 
gence  is  like  that  of  pyromorphite,  but  the  birefringence  is  stronger ;  n^  = 
2.1349X3;  «p  =  2.ii8DNa;  n^  —  tip  =  o.oi69Na.  Mimetite  is  found  in  lead 
veins  or  disseminations. 

Vanadinite  is  the  related  vanadate  of  lead;  it  crystallizes  in 
forms  like  those  of  pyromorphite,  of  deep  red  to  pale  yellow  color.  H.  = 
2-75-3.  G.  =  6.66-7.23.  Decomposed  by  HCl.  Optically  it  is  distinguished 
from  the  other  minerals  of  the  group  by  its  strong  birefringence;  the 
relief  is  extremely  high ;  n^  =  2.354X3 ;  »p  =  2.299X3 ;  n^  —  iip  =  0.055X3. 
Vansdinite  is  abundant  in  the  lead  mining  regions  of  Arizona  3nd  Xew 
Mexico :  in  other  regions  genersUy  rare. 

DiAG.  Pyromorphite  is  distinguished  from  ap3tite  by  its  much 
higher  relief,  and  its  mode  of  occurrence.  It  differs  from  mimetite  in 
being  uniaxial,  or  of  small  optic  angle,  and  from  vanadinite  by  much 
lower  birefringence. 

APHTHITALITE. 

RUOMBOHEDR.VL  C  =:  I.284  (K,Xa)2SO^ 

Phys.  Ch.ml  Cr>-stals  rhombohcdral,  thin  tabular  |I  oooi ;  in 
groups,  massive,  encrusting,  mammtllary.  Cleavage  good  ||  loTo.  in 
traces  0001.  H- =  3.-3.5.  G.  =  2.63-2.66.  Fusible.  Soluble  in  H^O. 
Taste  bitter,  saity. 

Oft.  Prop.  Uniaxial  and  positive.  Refringence  low.  Color 
white,  b!u:>h.  greenish. 

n^  —  1 .4003X3     »j,  =:  1.4907 
n^  —  fij,  =  0.0086 
OcciR.     Found  about  volcanoes,  and  in  some  salt  deposits. 

APOPHYLLITE. 

Iktkv.^.^n  v:  .  =  i..>5i5  H.KCa/SiOJ,+4?'^H20 

Phys.  Ch  vr.  Comm»":iA-  in  square  prisms  with  basal  planes, 
«'i:V.cr  t^.attevcv!  iv>:.  exii^iviiir.or.sional.  or  more  or  less  elongated  |!  c. 
B.Kc  >^!v.c:vva>  rop'.u^ovi  by  iii.  Twinning  plane  ill  rare.  Sometimes 
'..inu^'".ir.  :r.'v><.\o:  r.iro'y  ir.  rai'.:a:ei1  prisms.  Cleavage  perfect  |!  001: 
••••^\: 'vv:  : '.o      W     ~ 'X:'''^-      G.  ^=  2.\-2j\.       Exfoliates,     gives    violet 

'Vuvo  o.^/T-.  ,i'.\*.  :V.ncs  cas'.'y  tv'*  white  vescicular  enamel.     Decomposed  by 
Hi.'',   wtl-   -v^-.\\y/.t  v":*  v^t   >':r.*\    s^'ica. 

v'^v?  lNv"»r  \t^.^".^':*>''-:c  has  '.v>w  refringence  and  ver>' weak  hi re- 
!r"vv"\o.   ".:   •--  c::*'.v.v''>    •.•••\^\-.*,'  ar*i  positive,  but  in  some  cases  it  is 
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negative,  and  "optic  anomalies'*  are  frequent.  Thus  a  basal  section  often 
shows  areas  which  are  biaxial  in  addition  to  those  uniaxial ;  furthermore, 
the  interference  figure  may  consist  of  black  and  white  rings,  instead  of 
colored  rings,  or  a  single  color  may  be  wanting  in  the  rings.  In  the  biaxial 
areas  the  optic  angle  may  vary  from  0°  to  50**  or  60°,  and  the  position 
of  the  optic  plane  may  vary  in  a  single  crystal.  In  white  light  its  trace 
may  be  parallel  to  no  in  a  basal  section  or  normal  to  no;  again,  the 
optic  plane  for  blue  light  may  be  at  right  angles  to  its  position  in  red 
light.  These  anomalies  may  be  produced  by  lateral  pressure  or  by  changes 
of  temperature;  they  may  be  the  result  of  molecular  strains.  Apophyl- 
lite  may  be  strictly  uniaxial  at  260° C,  at  which  temperature  all  the  water 
is  driven  off. 

ng=i.5368Na  i.5343Li 

»p=i.5347Na  i.5328Li 

«_  —  n„  =  o.002iNa  o.ooisLi 

^  Colorless,  white,  grayish,  yellowish,  pink.     Colorless  in  section. 

Altek.  Apophyllifce  is  often  cloudy  on  account  of  alteration; 
this  is  du«  sometimes  to  calcite,  sometimes  to  a  hydrous  aluminum  sili- 
cate, suggesting  kaolinite.     It  also  alters  to  pectolite. 

Occur.  Apophyllite  occurs  in  cavities*  in  basaltic  igneous  rocks, 
or,  less  commonly,  in  granite,  gneiss,  or  similar  rocks.  It  is  associated 
very  often  with  zeolites,  or  with  datolite,  pectolite,  calcite. 

DiAG.  Apophyllite  has  a  higher  refringence  than  that  common 
in  the  zeolites;  it  differs  from  the  uniaxial  zeolites  in  having  perfect  basal 
cleavage.  The  tetragonal  form  and  the  peculiar  optic  anomalies  are  also 
quite  characteristic. 

Aragonite  Group. 

This  is  a  group  of  carbonates  of  alkaline  earth  metals 
and  lead,  crystallizing  in  the  orthorhombic  system.  The  crystals 
very  often  twin  on  no  so  as  to  form  pseudohexagonal  prisms  and 
pyramids.  Acicular  or  columnar  forms  are  common;  globular 
or  fibrous  conditions  less  common.  The  minerals  of  the  group 
all  have  cleavage  parallel  to  010  and  no  of  varying  perfection; 
and  hardness  of  3  to  4. 

The  minerals  of  the  group  are  closely  alike  in  optical 
properties.  The  acute  negative  bisectrix  is  parallel  to  c  in  all  of 
them,  and  the  optic  angle  is  small.  The  relief  is  high,  and  even 
extremely  high  in  cerussite.  The  birefringence  is  very  strong, 
reaching  an  extreme  in  cerussite.  The  dispersion  is  weak  except 
in  cerussite. 

The  important  minerals  of  the  group  are  as  follows : — 

Aragonite  a:b:  c:: 0.623 •  i  •' 0721  CaCO. 

Witherite  a:b:c::  0.603 :  i :  0.730  BaCO! 

Strontianite  a:b:c::  0.600 :  i :  0.724  SrCO. 

Cerussite  a:b:c::  0.610 :  i :  0.723  PbCO. 
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ARAGONITE. 

Orthorhombic  a:b:c::  0.623  '■  ^  '•  0.721  CaCO, 

PtiYS.  Char.  Crystals  often  acicular.  Cleavage  dis- 
tinct parallel  to  010,  in  traces  parallel  to  on  and  no;  cleavag^es 
usually  not  noticeable  in  thin  section  because  the  mineral  is  in 
fibrous  or  acicular  ag^egates  in  rocks.  Twinning  [with  no  as 
the  twinning  plane,  of  the  cyclic  type  producing  pseudohexagonal 
forms]  uncommon  in  thin  sections.  G.  =  2.94. 
H.  =  3^-4.  Infusible,  but  falls  to  a  white 
powder.     Soluble  with  effervescence. 

Opt.  Prop.  The  plane  of  the  optic 
axes  is  parallel  to  100;  the  acute  bisectrix  X  is 
normal  to  001.  The  refringence  is  high,  and 
the  birefringence  very  strong,  producing  iri- 
descent colors,  due  to  slight  variations  in 
thickness,  similar  to  those  of  calcite.  The  dis- 
persion is  weak,  p  Kv.  The  elongation  is  neg- 
ative. 

(— )    2£  =  30-54'   (2^=17*50') 

»,=  1.686     n„=  1.682     »>p=l.530 

«,  —  Mp  =  0.156 

Colorless,  white,  or  stained.     Colorless  in  section. 

Occur.  Aragonite  occurs  in  many  igneous  and  meta- 
morphic  rocks  as  an  alteration  product,  probably  usually  due  to 
the  action  of  hot  solutions, 

Ktypeite  is  a  name  given  by  Lacroix  to  pisolites  formerly  con- 
sidered aragonile,  but  shown  10  have  G.  =  2,58-2.70.  h^  —  n^,  =  0.020.  and 
positive  sign.  It  is  in  part  uniaxial,  and  in  part  biaxial  with  2E  =  S0'  ±- 
Changes  to  calcite  upon  healing. 

Bromlilc  contains  some  barium.  (Ca.Ba)CO,.  It  resembles 
wilherile  in  form.  G.  =  3.7.  Cleavage  imperfect  ||  110.  Opiic  orienta- 
tion as  in  aragonite.  Dispersion  very  weak.  Optic  angle  small,  2H  = 
9°  50'.      Kg— 1.670.   n^=  i-67o±.   Up— 1.325;    »,  — "n  —  0'45-      Rare. 

DiAC.  Characterized  by  acicular  form  leading  to  usual 
absence  of  cleavage,  and  by  biaxial  character  (cf.  calciie"),  and 
by  position  of  the  optic  plane  (cf.  witherite.  strontianite  and 
ccrussitel. 

WITHERITE. 

ORTHriKHOMnic  a :  b  :  c : :  O.to.i :  i  :  0,730  BaCO^ 

PiiYS.  Char.  Similar  to  aragonite,  bnt  G- =  4.29-4.35,  Twin- 
ning neirly  always  present.     Fusible  at  2  with  yellowish  green  flame  color. 


WITHERI TE—CER  USSl  TE. 
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is  parallel  to  010  &nd 
Strong  birefringence. 


Opt.  Prop.  The  plane  of  the  optic  a 
the  negative  acute  bisectrix  is  perpendicular  to  < 
Dispersion  very  weak  p  >  f . 

(— )  2£  =  26°  30' 

",=  1-677  «„=  1.676  «,=  1.529 

«j  — np  =  ai48 
Color,  white,  yellowish,  grayish.     Colorless  in  thin  section. 
OccuB.    Usually  associated  with  ores  in  veins.    Rare. 
DiAc.     Differs    from   aragonite    in   the   position    of  the   optic 
plane.    Gives  reactions  for  carbonic  acid  and  barium. 


STRONTIANITE 


XM 


STRONTIANITE. 

Okthobhombic  a:  b:c::  0.609:  i  10.724  SrCO, 

Phvs.  Char.  Similar  to  aragonite.  but  G.  =  3.68-3.71.  Twin- 
ning often  complex,  very  common-  Cleavage 
nearly  perfect  parallel  to  I  to;  in  traces  par- 
allel  to  010.  Fuses  with  difficulty,  but  swelU 
and  sprouts  and  gives  crimson  flame  color. 
Soluble  in  HQ. 

Opt.  Prop.  The  plane  of  the  optic 
axes  is  parallel  to  010  and  the  acute  negative 
iHsecirix  is  perpendicular  to  001.  Dispersion 
weak  p<», 

(-)  2E=ii'  48^  (2^  =  7°  5') 
i«,=  i.668s    »„  =  i.6666    «^=i.5i99 


Color  pale  green,  apple  green, 
white,  gray,  yellow.     Colorless  in  thin  section 

Occur.  Found  in  veins,  in  geodes 
in  limestone,  etc.     Uncommon. 

DiAo.  Differs  from  aragonite  in  the 
position  of  the  optic  plane  and  in  having  good 
cleavage  parallel  to  no. 

CERUSSITE. 

Orthorhomhic  a:b:c::  0.610 :  i :  0.723  PbCO, 

Phys-  Char.    Similar  to  aragonite,  but  G.  —  6.46^.57. 

Oeavages   |j   no  and  021    distinct,   ||  010  and  012    in    traces. 

Twins  common ;  also  granular  massive.    Fusible  easily  to  metallic 

globule.  Soluble  in  dilute  HNO,. 

Opt.  Prop.     The  plane  of  the  optic  axis  is  parallel  to 

010  and  the  acute  negative  bisectrix   is  perpendicular  to  001. 

Marked  dispersion  with  p  >  v.    The  axial  angle  decreases  with 

decreasing  temperature,  becoming  uniaxial  at  —  119°  C. ;  then 

the  axes  open  in  a  plane  perpendicular  to  the  former,  and  2E 


1 


at  strontlanlte. 
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reaches  ii>i°  at —  190**  C 

(—)  2£=i7^  8'  (2F=:8*'  14) 
fig  =  2.078    fi«  =  2.076    Up  =  1JS04 
n,  —  ffp  =  0.274 
Color  white,  gray,  grayish  black. 
Colorless  in  thin  section 

Occur.  Found  chiefly  in  veins  as- 
sociated with  galena;  also  in  limestone. 

DiAG.  Differs  from  aragonite  and 
witherite  in  small  optic  angle;  from  arago- 
nite, witherite  and  strontianite  in  extreme- 
ly high  relief  and  extremely  strong  bire- 
fringence; from  aragonite  in  the  position 
of  the  optic  plane. 

ARDENNITE  (Dewalqiiite). 


OOf 


too 


Fi«r.    21. 
Optical    orientation 
of   cerussite. 


Orthoehombic  a\h'.c:'. 04663 :  i : 0.3135  ^lo^^^io *^Ko^^o^^2^55 

Phys.  Ch.'UL  Crystals  rare,  prismatic,  vertically  striated.  Cleav- 
age easv  oia  distinct  'I  iia  H.  =  6.-7.  G.  =  3.62-3.66.  Vanadium 
may  be  replaced  in  part  by  arsenic,  which  leads  to  the  higher  specific 
gravity      Easily  fusible  with  intumescence.     Nearly  insoluble. 

Opt.  Prop.  The  plane  of  the  optic  axes  is  parallel  to  loa  The 
positive  acute  bisectrix  is  perpendicular  to  the  easy  cleavage  010.  The 
elongation  pani!!e!  to  the  vertical  axis  is  negative. 
The  reiringence  i>  high,  and  the  birefringence 
rather  stfv^ng.  The  angle  of  the  optic  axes  is  large; 
di>p<.T>ion  p  >  :   vcr>'  strong. 

I  —  >   lE  —  rj:**  to  74'  yellow 

n  =  1-79  1= 
»;    —  »:    =  o  020 
C'^'.or  ye'.!v>\v  tv"  yc.lo\v:>h  brown.     In  thin         ojo 
stvtion   :!x^   jv;\x^hroi>m   •>  distinct  in   the   following 


ARDENNITL 

OOJ 


t!r.t<  : — 

S<vtior.<  v'^.o.:  mm. 
7  •    \er\   't^a'c  yo'.Iow 


Sections  05  mm. 
golden  ve'Iow. 


dark  rcvi.ii^h  brown 
i!ark   reddish  brown 
'.^vv ;  K.     l'\^-.:!:v:  ir.  i^ii.irtr  veins  with  albite 

P:\.:.     P:s:i:>i:v:>hov'   from  carphoh'te  by  the  higher  rcfnngcncc 


Fig.   22. 

Optical     orientation 

of  ardennite. 


ARFVEDSONITE.    <oo     .mp-ibolo    ^roup       ARGENTITE.    se- 


^^.■.    OTKl 
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ARSENOLITE. 

Isometric  ^^2^» 

Phys.  Char.  Crystals  always  octahedral,  sometimes  skeletal: 
also  in  fibrous  or  columnar  crusts  or  botryoidal  masses.  H.  =  1.5.  C  -- 
3.71.  Volatile  in  closed  tube.  Slightly  soluble  in  hot  water.  Taste  sweet- 
ish astringent. 

Opt.  Prop.  Isotropic.  Refringence  high;  n  =  1.755  Na.  Col- 
orless, white,  or  stained  yellowish  or  reddish  by  orpiment,  sulphur,  or 
realgar. 

Occur.  Found  in  metalliferous  veins,  about  burning  coal  mines, 
and  as  a  product  of  smelters. 

Scnarmontitc  (SbgO^)  is  related  chemically  to  arsenolite;  its 
crystals  are  octahedral,  but  crystal  and  crystalline  groups  and  masses  are 
common.  H.  =  2.-2.5.  G.  =  5.22-5.3.  Easily  fusible  and  somewhat  vola- 
tile. Soluble  in  HCl.  Optically  isotropic;  frequently  anisofopic.  and  sim- 
ilar tp  boracite  or  to  the  hexoctahedral  type  of  garnet.  The  anisotropic 
character  is  explained  by  Mallard  as  due  to  twinning  of  a  triclinic  indi- 
vidual, by  Bertrand,  Gross-Bohle  and  Prendel  as  due  to  a  monoclinic  unit, 
and  by  Brauns  as  due  to  internal  molecular  strains.  When  anisotropic 
the  mineral  is  biaxial  with  a  large  optic  angle.  Refringence  very  high ; 
n  =  2.087  Na.  Colorless  white,  gray.  Streak  white.  Alters  to  valentin- 
ite.    Occurs  chiefly  as  an  oxidation  product  of  stibnite  in  ore  deposits. 

ARSENOPYRITE,  see  marcasite. 

ASTROLITE. 

Orthorhombic  ?   Axial    ratio    unknown.    H(Na,K)^(FeOH)FeAl(SiOjj)^ 

Phys.  Char.  In  small  globules  radially  fibrous  or  lamellar. 
Lamellar  cleavage  good.  H.  =  3.5.  G.  =  2.78.  Fusible  to  gray  enamel. 
Insoluble. 

Opt.  Prop.  The  negative  acute  bisectrix  is  normal  to  the  la- 
mellae; the  extinction  is  parallel  with  the  elongation.  The  refringence  is 
distinctly  higher  than  that  of  Canada  balsam.    Dispersion  weak  p  >  v. 

(— )   2£  =  48°  ±: 
ftg  —  np  =  0.021 

Color  greenish  yellow.  In  thin  sections  siskin  yellow  parallel 
to  elongation,  pale  yellow  to  colorless  normal  to  elongation. 

Occur.  Found  as  inclusions  in  black  quartz  schists  and  in  lime- 
stone fragments  in  diabase  tuff.     Very  rare. 

ASTROPHYLLITE. 

Orth.  a:  b:  c::o.ggo2: 1:4.7101  (H,Na,K)^(Fe,Mn)^(Ti,Zr)Si^O,^, 
Phys.  Char.  Crystals  often  elongated  jl  c,  or  flattened  pirallel 
to  the  cleavage  010.  Cleavage  very  perfect  ||  010,  in  traces  ||  ooi.  Geav- 
agc  laminae  brittle,  not  elastic  like  mica.  G.  =  3.3-3.4-  H.  =  3.  Fusible 
easily  after  swelling.     Decomposed  by  HCl,  leaving  scaly  silica. 
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Opt.    Pbop.     The   piane   of   the  optic  ASTAOPHYLLITE 
axes  is  parallel  to  ooi ;  the  positive  acuie  bisec-  ^ 

irix  is   pcTpendicular  to   lOO.     The  sign  of  the 
elongation  is  variable.     The  angle  of  the  optic 
axes  has  not  been  accurately  measured. 
(-1-)  2V  =  7Q°  to  to" 
n,  =  1-733      «o  =  I-703      "p  =  "M 
»,  —  "p  =  0.055 
Color  bronze  10  gold  yellow.     Luster 
lubmetallic.  pearly.     The  pleochroism  is  intense 
even  in  thin  sections :  the  absorption  formula  of 
astrophyllite  is  X>Y>Z;  the  pleochroic  colors 


FlK. 


•1 

'1  1  1 

!,f^ 

f\ 

W\ 

l'\\ 

1 

Aslrofhyllile. 

lemon  yellow 

gold  yellow 

orange  vellow 

straw  yellow 

dark  golden  yellow 

straw  yellow 

X: 

OccfR.  Known  only  in  nepheline  syenite  and  in  soda  granite. 
Rare. 

Lamprophjllite  is  similar  in  all  known  characters  except  the 
pleochroic  formula  (given  above)  and  the  absorption  formula,  Z>Y^ 
X.     It  is  fmiiid  in  syenite  in  Korway. 

PiAG.  Differs  from  ihe  micas  in  having  brittle  laminx.  the 
obtuse  bisectrix  perpendicular  to  the  cleavage,  and  the  maximum  pleo- 
chroi.im  lrans\crse  to  the  elongation  of  the   laminx. 

ATACAMITE. 


Cu„(OH)  a 

erfically    striated : 
lalactilic.    in 


trai-is  '  101,  H.  =  3,1.5. 
ii*iMo.  with  a/ure  hhie  flame 
ItT.  ivi  metallic  copper.    Easi!y 

:i'i'.     The  I'piic  plane  is  par- 

^i'lii.-  aiiple   large,  dispersion 

■  "p  —  o.ojg 
Tiylit   jireen.   emerald   green, 
-.mt  >,,,.:.•  .r,-,-i,.     I.„,,er 
;ro,>ii..      \Vc.tk\-    pk-tvhrofc 
!.  7.  «ri.,  £,„■„,  Y  v,:l,.„i.!, 


aggrepaK; 

ATACAMITE 


ATAC  AMITE— AXINITE. 
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001 


Occur.  Found  in  veins  with  other  copper  ores,  especially 
malachite,  cuprite.  .-Mso  in  sands,  and  formed  about  hot  springs  on  brass 
or  copper. 

DiAC.  Differs  from  malachite  in  having  parallel  extinction,  in- 
stead of  extinction  at  about  23**  in  the  vertical  zone,  and  in  having  much 
weaker   birefringence. 

AUGELITE,  see  wavellite.    AUGITE,  see  pyroxene  group. 

AUTUNITE  (Uranitc). 

Orthorhombic  a:b:  c:  :. 0.9875 :  i :  2.8517  Ca (UO^) .^PjO^-f SH^O 

Phvs.  Char.  Crystals  thin  tabular,  of  tetragonal  aspect;  also 
in  foliated  aggregates.  Cleavage  micaceous  ||  001,  in  traces  ||  010  and 
100.  Flattening  ||  001  resulting  in  apparent  elongation  which  is  of  posi- 
tive sign.  Twinning  plane  ||  no  with  irregular  intergrowths.  G.  =  3.05 
to  3.19.     H.  =  2.-2.5.     Soluble  in   HNO.j. 

Opt.  Prop.  The 
plane  of  the  optic  axes  is  par-  AUTUNITE 

allel  to  dig;  the  negative  acute 
bisectrix  perpendicular  to  001. 
Dispersion  p  >  v. 
(— )    2£  =  6o**    (2F=30*»±) 

f»g=i-577   n^=i.57S   «p=  1-553 
«g  —  «p  —  0.024 

Color  lemon  to  sul- 
phur  yellow.  In  thin  section 
golden  yellow  without  pleo- 
chroism. 

Occur.  Found  in 
gneiss,  hornstone.  etc.,  and  associated  with  tin  and  silver  ores. 

DiAG.  Characterized  by  golden  yellow  color  without  pleochro- 
itm.  acute  negative  bisectrix  perpendicular  to  micaceous  cleavage,  brittle 
laminae. 

AXINITE. 

Tricmnic  a:h:c*::  0.6019 :  i :  0.8267  H  (Ca,Fc,Mn)  .jAl..BSi,Ojj. 

a  =  121**  32'  ^  =  44°  42'  y  =  140°  20' 

Phvs.  Char.  Crystals  usually  wedge-shaped  (whence  the 
name),  like  a  lens  with  flat  surfaces;  also  n:assive;  cleavage  ea.sy  || 
1T2,  010  and  130.  in  traces  ||  001.  H.  =  6.5-7.  G.  =  3.29-3.30.  Fusible 
at  2  with  intumescence  and  green  flame  color.     Insoluble. 

Opt.  Prop.  The  negative  acute  bisectrix  is  very  nearly  per- 
pendicular  to  on.     In   this   face  the   trace  of   the   optic   plane   makes   an 


ioo 


Fig.    25.     Optical    orientation    of 
autunite. 


*  There  Ib  no  agreement  as  to  the  fundamental  form  of  axinlto.  The  pnrn- 
meters  given  above  are  tlioso  of  Dor  Clolzoaux.  For  their  relation  to  otlier 
notations  see  Frasler :  Anier.  Jour.  8ci.  XXIV.  44'J,  188J. 
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angle  of  40°  witli  iTo  and  an  angle  of  24-  40' 
wilh  001.     Crossed  dispersion  very  slight.   In- 
clined   and    horizontal    dispersion    noticeable. 
The    dispersion    of    tlie    optic    axes    which    is 
scarcely   perceptible   in   oil   is   very   marked   in 
air  with  p  <  r.    Angle  of  the  optic  a.tes  some- 
what variable,  «ven  in  a  single  crystal. 
(— )  2f  ^7,=  to  74°. 
«g=i,e«I      n„— 1.678     fip=  1,672 
",—  «p  =  0.009 

Color  brown,  gray,  dull  blue,  yel- 
low.    Luster   vitreous.     The   pleochroism    is 
very   distinct   in   Ibick   sections,  but   often   en- 
tirely lacking   in   thin   sections- 
Sections  3.  mm.  Sections  0.02  mm. 
7.  =  clear  olive  yellow    colorless 
Y  =  intense  violet             pale   violet  to  colorless 
X  =  cinnamon  brown       colorless 

Occur.      Usually   the   resnll   of   fumarolic 
pbosed  rocks;  also  found  in  basic  enxptives  and  in  ore  deposits. 

DiAa     The  form  is  characteristic.     Distinguished  from 
clase  in  thin  section   by  much  higher  relief. 

AZURITE. 
MoxocLi.MC        a:  &  re::  0.8501 :  1  :o.86 
/3  =  87-  36- 
Piivs.   Char.     Crj'stals  varied   in   ha1>it,   usually  with 
many  planes;  tabular,  prismatic,  elongated  '!  c  or  '|  b.  etc.  Twin- 
ning plane  201  orToi  not  common.  Cleav- 
ajrc  jR'rfect    |'  021.  imperfect   j!    lOO.  in 
traces]  I  110.  11.  ^  3.5-4.  G.  ^  ,-5.77-.-^.8,(. 
B-Fi.  fuses  at  2,  oolnrinR  the  flame  green. 
Soluble  in  acids  with  effervescence. 

Opt.   Prop.     The  plane  of  the 
optic  axes  i.s  parallel  to  oro;   the  pos 
itive  acute  bisectrix  makes  an  angle  of 
i2!.j°  "'ith  the  vertical  axis  in  the  acuto 
angle  fi.    The  angle  of  the  optic  axes  is 
large:  axial  tlispcrsion  considerable,  with 
p>v:  also  distinct  horizontal  dispersion. 
1-1  zE-=  151°  (2/^^82°  5'> 
j(^  —  )(p  —  0.2,00 
Color  aznre   to  berlin   blue:    in 
thin  svTlinu  v^Tv  pale  blue. 

.\r,TF,R.     .Aznrite  alters  rather 
f.-tsily  to  malachite  :  also,  rarely,  to  native  copper. 


Cu,fOH),(CO,). 


AZURITE 


2 


AZURITE—BARITE.  Ui 

Occur.  Usually  formed  in  veins  or  cavities  by  per- 
colating waters ;  commonly  associated  with  malachite,  cuprite,  etc. 

BABINGTONITE,  see  pyroxene  group. 

BADDELEYITE. 

MoNOCLiNic  a:b:c:: 0.9871 :  i : 0.51 14  ZrO 

^  =  8i*»  15' 

Phys.  Char.  Crystals  tabular  ||  100  commonly  twinned  on  100. 
sometimes  in  polysynthetic  lamellae;  twinning  on  no  of  both  contact  and 
penetration  types,  also  in  lamina;  twinning  on  201  rare.  Cleavage  per- 
fect ]|  001.  indistinct  ||  010;  parting  ||  no.  H.  =  6.5.  G.  =  5.5-6.0.  Near- 
ly infusible  and  insoluble. 

Opt.  Prop.  The  plane  of  the  optic  axes  is  parallel  to  010;  the 
negative  acute  bisectrix  makes  an  angle  of  about  12**  with  c  in  the  obtuse 
angle  p.  The  refringence  is  high  and  birefringence  strong.  The  angle 
of  the  optic  axes  is  rather  large.     Dispersion  is  inclined. 

(— )    2£=r70°-75° 

Color  variable,  yellow,  brown,  black,  colorless.  In  thin  section 
colorless,  yellow  or  brown,  with  the  color  often  irregularly  distributed. 
In  thick  section  pleochroic  with  Z  reddish  brown,  Y  oil  green,  X  reddish 
brown,  and  X  >  Y  >  Z. 

Occur.  Found  in  gem  bearing  sands  of  Ceylon ;  also  in  pyrox- 
enite  of  Brazil,  and  in  nepheline  syenite  of  Sweden.     Rare. 

Barite  Group. 

This  is  a  group  of  sulphates  of  alkaline-earth  metals 
and  lead,  crystallizing  in  the  orthorhombic  system.  The  crystals 
are  often  tabular  parallel  to  001,  or  prismatic  and  elongated  par- 
allel to  any  crystal  axis.  Globular  and  fibrous  conditions  not 
uncommon.  Cleavage  in  all  the  minerals  of  the  group  parallel 
to  001  and  110  except  in  anhydrite  where  it  is  parallel  to  001. 
010,  and  1 10.    The  hardness  ranges  from  2.5  to  3.5. 

The  optic  plane  is  parallel  to  010  in  all  the  minerals  of 
the  group,  and  the  positive  acute  bisectrix  is  normal  to  100.  The 
dispersion  is  p  <  v. 


Barite 

a.b:  c'.'.  0.815  :  i :  1.314 

BaSO^ 

Cclestite 

a:b:  c. : 0.779:  i :  T.280 

SrSO^ 

Anglesite 

a:b:  c: :  0785  :  i :  1.280 

PbSO^ 

Anhydrite 

a:b:  c:  0.893  •  i  •  10008 

CaSO^ 

BARITE. 

Orthorhombic  a:  6:  r:  10.815:  i :  1.3 14  BaSO, 

Phys.  Char.  Crystals  often  tabular  ||  ooi.     Qeavage 

perfect  II  GOT  and  also  no,  imperfect  ||  oio.    Twinning  on  100 
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Fisa.  %t  and  :»m.    81mple  c 


ratal  [orma  nt  barlie. 


BARITC 


common.    H.  =  2.5-3.5.    G.  =  4.3-4.6.    Fusible  at  3  with  yellow- 
ish green  Bame.    Insoluble  in  acids. 

Opt.  Pbop,  The  plane  of  the  optic 
axes  is  parallel  to  010;  the  positive  acute  bi- 
sectrix is  perpendicular  to  100.  Colorless. 
Dispersion  />  <  ». 

(  +  )  2f  =35*t037'. 

H,  =  1.647    «-  =  1-637    n,  =  1.636 

Mg  —  ii,  =  o.oti 

Color    white ;    also    yellowish,    gray, 

blue,  red,  brown.    Colorless  in  thin  section. 

Occur.  Commonly  found  in  con- 
nection with  veins  of  metallic  ores;  also  in 
limestones  and  sandstones,  and  in  cavities  of  fik-  23t). 

J    ,    .  «         .  Opticai    orientation 

amygdaloids,  etc.  "^    ot  bariie. 

DiAG.  Distinguished  from  ce'.estite  by  higher  relief 
and  stronger  birefringence,  .\nhydrite  has  three  easy  rectan- 
gular cleavages  and  very  strong  birefringence,  .\nglestte  has 
very  high  relief  and  rather  strong  birefringence. 

CELESTITE. 

OftTHOBHOMBic  0  -  b :  c : :  0.779:  I  :  i,z8o 

Phvs.    Ch.mi.     Resembles    barite.    biK    G.  - 
Insoluble  in  acids. 

Opt.      Pkop. 
plane     of     the     d(> 
parallel    to   oio   and    the    posi- 
tive  acute   bisectrix    is   nr-i 
to  100.     Dispersion  p<v. 

(+)    2V^Z1' 
Hj=i.63I    »i^=i.62j   np-I.6z2 


Color,   white,   bli 
reddish.     Colorless  in 


i.ited   with   1 
11  beds  of  gypsin 


ientallon   o(  crl 
sandstone 
rock  sail,  clay,  etc. 


ANGLESJTE—A  NH  YD  RITE . 


I.W 


ANGLE  SITE 


DiAG.  Distinguished  from  barite  by  lower  relief,  weaker  bire- 
fringence and  large  optic,  axial  angk.  Anhydrite  has  three  rectangular 
easy  cleavages  and  very  strong  birefringence.  Anglesite  has  very  high 
relief  and  rather  strong  birefringence.  • 

ANGLESITE. 

Orthobhombic  0:6:  c:  0.785: 1: 1.289  PbSO^ 

Prvs.  CHAk.    Resembles  barite  in  physical  characters,  bot  G.= 
&I3  to  6.39,  and  cleavages  ||  001  and  110  are 
interrupted,  though  distinct.     Fusible  with  de- 
crepitation at  1.5.    Slowly  soluble  in  HNO^. 
Opt.  Prop.    The  plane  of  the  optic 
axes  is  parallel  to  010  and  the  positive  acute 
bisectrix  is  normal  to  loo.    Dispersion  p<i'. 
(+)  2y  =  66'  to  75°. 
n,  =  r.897     n„  =  1.883     "o  =  I  877 


Color  white,  yellowish,  grayish, 
greenish,  blutsh.     Colorless  in  section. 

Occur.  Usually  associated  with 
galena;  sometimes  also  with  cerusstte  in  veins 
and  ore  beds;  usually  formed  by  alteration  of 

DiAC  Characterized  by  very  higli 
relief,  rather  strong  birefringence  and  large 
optic  angle. 


ANHYDRITE. 

Oktborhohbic  a:b:c::  0.8032:  i  :i/»o8  CaSO^ 

Phys-  Char.  Resembles  barite  in  physical  characters,  hut  G.  = 
2.90  to  2.9S.  and  cleavages  ||  001  very  perfect,  olo  perfect,  100  somewhat 
less  perfect.  Fusible  at  3  w'th  reddish  yellow  flame  color.  Soluble  in 
HCI. 

Opt.      Prop.       The  ANHYDRITE: 

plane  of  the  optic  axes  is  par- 
allel to  010,  and  the  positive 
acutie    bisectrix    is    normal    to 
100.     Dispersion    p<.v. 
(+)    2P=42'   8' 

»i,=i.6i4    n„=r.576    np=i.S7i 
H,  —  »,  =  0.043 

Color    white,    gray- 
ish bluish,   red.     Colorless   in 


/oo 


thin 


Alter.     Changes  by  hydi 
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Occur.     Usually  associated  with  gypsum  and  rock  sah. 
DiAG.     The  rectangular  cleavages  in  three  directions  and  the 
strong  birefringence  are  characteristic 

BARYLITE.    • 

Orthoruombic  a:b:c:: 0.408 :  i : ?  Ba^Al^Si^Oj^ 

Phys.  Char.  Cr>'sta]s  prismatic,  tabular.  Qeavage  ||  100,  010, 
110,  and  001.  Prismatic  cleavage  good.  H.  =  7.  G.  =  4.  Infusible.  In- 
soluble. 

Opt.  Prop.  The  optic  plane  is  parallel  to  001 ;  the  acute  bisec- 
trix Z  is  normal  to  100.  Refringence  high.  EMspersion  p^v  weak.  Color 
milk  white. 

fig  =  1.69  approx.    ii„  =  1.685    Up  =  1-68  approx. 

iig  — iip  =  aoi4 
Occur.     Found  in  limestone  in  Sweden.    Ver>-  rare. 

BARYTOCALCITE. 

MoxocLi  X  ic  a :  6 :  c : :  0.772 :  i :  0.625  BaCa  (  CO ,  )  , 

i9  =  73*52' 
Phys.  Ch.\r.     Cr>-stals  pyramidal  prismatic.     Massive.     Qeav- 
age perfect  ''\  no,  imperfect  ||  001.    H.  =  4.    G.  =  3.65.    Fusible  difficultly 
with  yellowish  green  flame  color.     Soluble  in  HCl. 

Opt.  Prop.  Ihe  optic  plane  and  obtuse  bisectrix  Z  are  normal 
to  010;  X  Ai*  =  -r64'i°.  Optic  angle  small.  Very  weak  horizontal  dis- 
persion with  p  >  f  weak. 

I—)  2£  =  23**  15'  to  24*^53' 

H^=  1.686      «n,  =  1.684       Wp=  1.525 
H^—  Mp  =  0.161 

C«  lor   white,   prayish.   greenish,   yellowish.     Streak    white. 
OcriR.      Found    in    limestone,    with   barite   and    fluorite.     Wry 
rare. 

BAUXITE,    see    diaspore. 

BECKELITE. 

1  so M  K  FKio  Ca,  ( Co. La, Di )  4Si  .0 ,  ^ 

r»\s.  Cn.vK.  Crystals  commonly  octahedral;  also  dodecahe- 
vlral  ar.d  moditievl.  .Mso  gr^r.nlar.  Cleavage  distinct  "  loo-  H.  =:  5.  G.  := 
4.15.     ln!r.<-.Me.     Soluble  in  HC  ^ 

Orr.  PKor.  Sr.iall  crystals  completely  isotropic:  large  crv'Stals 
<onutiir.o<  air.>v^iropic  with  weak  birefringence.  Refringence  high.  Color 
browTK.  in  tV.in  scoT'on   ::i;ht  yellow. 

OvVi  K.  Fov.th!  *t^.  a  pegmatite  oi  albite,  nepheliie  and  magne- 
tite     K.;rc 

Pi  \v;.      ;'^:<:iri;i:i<Vtii   troir  nvr^x^More  bv  its  readv  solnbilitv  in 
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BENITOITE. 


BaTiSi30, 


Hexagonal  c  =  0733 

Phys.  Char.  Crystals  pyramidal  or  tabular.  Cleavage  imper- 
fect 11  loTi.  H.  =  6.-6.5.  G.  =3.65-  Fusible  quietly  at  3.  10  transparent 
glass.     Soluble  in  HF. 

Opt.  Prop.  Uniaxial  and  positive.  Rqfringence  high.  Bire- 
fringence strong. 

ng=i.8o    tip  =1.77 


n. 


n„  =  0.03 


Color  blue,  purple,  colorless,  varying  in  a  single  crystal.  Col- 
ored parts  strongly  picochroic  with  Z  purple,  indigo,  greenish  blue  to 
colorless,  and  X  colorless. 

Occur.  Found  in  veins  or  geodes  with  natrolite  in  glaucophane 
schist,  in  serpentine.     Very  rare. 


H,Be,Si,0, 


BERTRANDITE. 

Okthorhombic  a.b'.c.'. 0.569 :  i : 0.597 

Phys.  Char.  Crystals  are  always  flattened,  sometimes  ||  001; 
they  may  be  also  elongated  ||  c.  Habit  quite  varied,  sometimes  distinctly 
hemimorphic.  Twinning  uncommouf  twins  commonly  have  a  reentrant 
angle  of  about  60**;  twinning  plane  may  be  on,  130  or  031.  Geavage  or 
parting  often  well  developed  ||  coi,  no,  010,  ico.  H.  =  6.-6.5.  G.  = 
2.586-2.60.     B.B.  infusible,  but  becomes  opaque  white.     Insoluble  in  acids. 

Opt.  Prop.     The  plane  of  the  optic  axes  is  parallel  to  010;  the 
negative  acute  bisectrix  is  normal  to   100.     The 
angle  of  the  optic  axes  is  large;  axial  dispersion 
weak  with  p  <  v.    The  relief  is  distinct,  and  the 
interference  colors  reach  the  upper  second  order. 

(__)  2F  =  75° 


BERTRANDITE 


oor 


Wg=  1.611 


Wm  =  1-593     n. 


1.588 


/OO 


Wg  —  np  =  0.023 

Colorless,  or  stained  by  limonite.  Lus- 
ter  vitreous;   pearly   on  001. 

Alteration  of  bertrandite  is  unknown : 
circulating  waters  may  introduce  and  stain  it 
with   limonite. 

Occur.  Unknown  as  a  rock  constit- 
uent ;  found  only  in  pegmatite,  or  in  veins. 
Often  associated  with  quartz,  orthoclase,  albite, 
apatite,  beryl,  tourmaline,  her^erite. 

DiAG.  Distinguished  from  zeolite? 
and  muscovite  by  having  parallel  extinction  and 
a  cleavage  001  of  negative  sign ;  further,  this  cleavage  is  normal  to  a  posi- 
tive obtuse  bisectrix.  Finally,  the  forms  and  pearly  luster  on  001  are 
quite  distinctive. 


Fig.  32. 

Optical    orientation 

of  bertrandite. 


BERYL. 

HEX.\r/)NAL 

Phys.  Char. 


c  =  0.499  Be.^Al2(SiO^)^ 

Usually   in   long  prismatic  crystals   with   indis- 
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tinct  basal  (oooi)  cleavage.  Also  massive,  coarse  columnar  or  granular  to 
compact.  H.  =  7.5-8.  G.  =  2.63-2.80.  Nearly  infusible.  Insoluble  in 
acids. 

Opt.  Prop.  Uniaxial  and  negative,  with  negative  elongation. 
Optic  anomalies  are  common ;  according  to  Mallard  the  hexagonal  sym- 
metry is  due  to  twinning  of  orthorhombic  individuals  as  trillings.  In  thin 
section  the  only  evidence  of  the  pseudohexagonal  character  is  the  slight 
separation  of  the  black  cross,  which  is  common.  According  to  Lacroix 
basal  sections  showing  anomaHes  are  divided  into  six  biaxial  sectors,  often 
with  a  uniaxial  center. 

The  indices  seem  to  vary  in. different  crystals  thus: 

Beryl  from               Colorless  beryl  from  Pink  beryl  from 

Brazil                          La  Villeder  Madagascar 

tig  =1.5724                              15785  1.5825 

lip  =1.5673                              1.5735  1.5761 
n^  —  "p  =  0.006  (average) 

Color  green,  blue,  yellow,  white,  rose  red.  Luster  vitreous, 
sometimes  resinous.  Colorless  in  thin  sections;  more  or  less  pleochroic 
in  thick   sections   with   varying  colors  as   follows : — 

pink  beryl       yellow  beryl  blue  beryl  emerald 

Z  =  colorless  golden  yellow  greenish  blue  yellowish  green 

to  colorless 

X  =:  pale  pink         reddish  yellow        blue  sea  green 

But  in  some  cases  the  absorption  formula  is  Z  >  X. 

Alter.  Beryl  alters  rather  easily  to  produce  kaolin  in  earthy 
masses.  This  transformation  usually  affects  the  fissures  of  th€  mineral, 
and  renders  it  opaque  and  soft. 

Occur.  Beryl  is  foimd  in  pegmatite  dikes,  in  veins  associated 
with  tin  ores,  and  in  micaschists. 

DiAG.  Distinguished  optically  from  apatite  only  by  slightly  lower 
relief  and  slightly  stronger  birefringence :  also  in  thick  sections  by  pleochro- 
ism.  Beryl  is  harder  than  apatite  and  ijisoluble  in  acids.  It  also  differs 
from  apatite  in  its  mode  of  occurrence,  and  alters  much  more  easily. 

BERYLLONITE. 

Orthoriiombic  a: /?:  c:  :  0.5724:1  :  0.5490  NaBcPO^ 

Piivs.  Char.  Crystals  short  prismatic  to  tabular:  prism  faces 
often  vertically  striated.  Crystals  often  very  complex.  Twinning  on  no 
gives  pseudohexagonal  forms.  Cleavage  perfect  ||  001,  imperfect  ||  100, 
indistinct  |!  no.  H.  =  5.5-6.  G.  =  2.845.  Fusible  at  3  to  cloudy  glass. 
Soluble. 

Opt.  Prop.  The  plane  of  the  optic  axes  is  parallel  to  100:  the 
n«egative  acute  bisectrix  is  normal  to  001.  The  mineral  has  no  relief.  The 
birefringence  is  weak.  The  angle  of  the  optic  axes  is  large;  dispersion 
weak  with  p  <  r. 

(—)   2^  =  67*^34'   (2£  =  T2I*»). 

fi^  =  1.5608  n^  =  1.5579  «p  =  1.5520 

n^  —  »P  =  0.0088 
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Colorless,  whife,  yellowish.^ 

Incl.    Cavities  (with  or  without  liquid  inclusions)  are  often  ar- 
ranged parallel  to  the  vertical  axis. 

Occur.     Found  in  vein  material  in  granite.     Rare. 

BIOTITE,  see  mica  group.  BLOEDITE,  see  loweite.  BOBIER- 
RITE,  see  vivianite.  BOLfilTE,  see  pcrcylite.  BOOTHITE,  see  me- 
lanterite. 

BORACITE. 

OrTHORHOMBIC      (PsEUDOISOMETRIC)  ^&7^^2^16^»0 

Phys.  Char.  Crystals  cubic  or  dodecahcdral,  modified  by 
tetrahedral  forms.  Both  tetrahedrons  may  give  an  octahedral  aspect 
Also  fine  granular  to  earthy.  Twinping  plan-e  iii  rare,  in  penetration 
forms.  Qeavage  in  traces  ||  iii.  H.  =  7.  G.  =  2.9-3.  B-B.  fuses  at 
2  with  intumescence  coloring  the  flame  green.    Soluble  in  HCl. 

Opt.  Prop.  At  ordinary  temperatures  boracite  has  a  birefrin- 
gence slightly  higher  than  that  of  quartz.  This  disappears  when  the  min- 
eral is  heated  to  265°C. ;  it  then  becomes  truly  isometric  and  isotropic. 
The  crystals  of  boracite  are  explained  as  due  to  various  types  of  twinning 
of  an  orthorhombic  individual  in  which  the  angle  of  the  optic  axes  is  very 
large.  In  one  type  a  dodecahedron  is  made  up  of  twelve  individuals,  in 
each  of  which  the  plane  of  the  optic  axes  is  parallel  to  the  long  diagonal 
of  the  rhombic  crystal  face  to  which  the  bisectrix  is  normal.  The  refrin- 
gence  is  considerable.     Color  white  or  tinted. 

(+)  2V  =  nearly  90** 
ifg  =  1.6730    n„  =  1.6670    «p  =  1.6622 
«^  —  Mp  =  0.0108 

Alter.     Boracite  takes  up  water  slowly,  and  becomes  cloudy. 

Occur.    It  is  found  in  beds  of  gypsum,  anhydrite  and  salt. 

DiAG.  The  optical  characters  combined  with  the  form  are  quite 
distinctive. 

BORAX. 

MoNOCLTNTC        a\h\  cw  T.0995 :  t  :  0.5632        NaoR^O.+  io  H«0 

Phys.  Char.  Crystals  usually  simple  prismatic,  some- 
limes  lar^e.  Twinninp^  plane  100.  Cleavag^e  perfect  [|  100.  im- 
perfect !l  ITO.  H.  =  2.-2.25.  G-=  1.69-1.72.  B.B.  enlarges  and 
fuses  to  transparent  glass.    Soluble  in  H..O. 

Opt.  Prop.  The  plane  of  the  optic  axes  and  the  nega- 
tive acute  bisectrix  are  normal  to  010;  the  obtuse  bisectrix  makes 
an  angle  with  the  vertical  axis  in  the  acute  angle  P  of  57®  in  red 
light  and  55**  in  blue  light.  The  refringence  is  very  low  and  the 
birefringence  is  moderately  strong.  The  angle  of  the  optic  axes 
is  moderate,  but  the  axial  dispersion  p  >  f  is  marked,  and  crossed 
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dispersion  is  also  very  distinct.  •  BORAX 

(— )  2V  -  39°  25' 
(2Z- ^  5'/ 53' Li.  2£^58°i8'Tl) 
«g^  1. 47 1 5     «m=  i-4'''86     «,—  1.4468 

Hg Hp  —  0.0247 

Color  white,  grayish,  bluish, 
greenish.  Colorless  in  section. 

Occur.  An  abundant  deposit 
from  certain  salt  lakes,  as  in  Thil>et  and 
California. 

r)i.\(;.  The  very  low  rcfring- 
cnce,  motlerately  strong  birefringence, 
and  distinct  ilispcrsion,  both  axial  and 
crossed,  are  characteristic,  especially 
when  combined  with  the  peculiar  mode 
of  ocairrence. 

BORNITE   (Enibcscite). 

ISOMETHIC  Cii,FeSj 

CoMP.    Exact  elieinieal  fonmila  somewliat  uncertain. 

Piivs.  Char.  Crystals  commonly  cubic  or  modified:  l»-iiining 
on  111  in  iicnotration  forms  of  hexagonal  aspect.  Commonly  massive, 
Br?.milar.  Clcavasc  only  in  traces  [|  111.  IT.  —  3.  G.  =  4.9-54.  Before 
the  blowpipe  fnscs  m  reducing  flame  to  a  brittle  magnclic  giolrale.  Sol- 
nble  in  HNO^  with  separation  of  sulphur. 

Opt.  Prop.  Ojwtiiie.  Color  reddish  brown,  hut  only  seen  on 
fresh  fracture,  ivhich  soon  tarnisl:rs  lo  red  and  blue.  Luster  metallic. 
In  rcrtectcd  hght  reddish  brown,  red  and  blue  colors, 

OicuB,  Common  ort  of  copper,  usually  associated  with  ehal- 
cnpyrile.  chalcocilc,  etc.  Ii  occurs  sometimes  in  pcemat'lie  veins ;  mote 
commonly  in  ordinary  mineral  veins.  It  i.s  also  produced  by  ihe  action 
of  hot  springs   upon  cojipcr  coins;   and  in   metallurgical   furnaces. 

BOTRYOGEN. 

MONOLI.IMC 


0.652 :  1 


0-599 
,8  r=  62°  26' 

Phvs,  Cii.vk,  Crystals  short, 
rcniforni.  Cleavage  distinct  ||  no.  in  I 
2.-2.T4.  Intmncsces  and  falls  to  reddisl 
in  hot  H„0. 

OiT.    Pkoi'.     The   optic   plane   and   tlie   obtuse   bisectrix   X   are 
normal   to  OTO;   ZAc  — — 12°.     Optic  angle  not  large;   dispersion  p'^v. 
(  +  1   if-.AO''   54' 
11,-1,572     »!„=  1.548     lip  ^1.544 


Mg(FcOH)(SO,>_4.7H.O 

prismatic;  usnallv  botrvoida!  or 
races  '|  120.  H.  =  a.^a's.  G.= 
ycllciw   powder.     Partly   soluble 
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Color  (lark  r^d.  Streak  yellow.  In  thin  section  pleochroic 
with  Z  orange,  Y  pink  to  colorless,  X  pale  >'»ellow  to  colorless. 

Occur.  Found  in  copper  mines  coating  gypsum  and  pyrite. 
Also  in  veins  with  cinnabar,  sulphur,  epsomite,  etc.     Rare. 

BOUSSINGAULTITE,    sec    picromerite.     BOWLINGITE,    see 
serpentine  group.    BRANDISITE,  see  clintonite  group. 

BRAVAISITE. 

Orth.  Axial  ratio  unknown  Hg(K2,Mg,Ca)2(Al,Fe)^Si^03^ 

Phys.  Char.  In  thin  scales  and  lamellar  or  fibrous  masses. 
Soapy  feel.  Looks  like  clay.  Pasty  when  wet.  When  dry,  H.  =  1.-2. 
G.  =  2.6.  Easily  fusible  to  a  white  globule.  Incompletely  soluble  in 
acids. 

Opt.  Prop.  The  negative  acute  bisectrix  is  normal  to  the  lamel- 
lae ;  extinction  parallel  to  elongation.  Birefringence  strong.  2E  =  40°  ±:. 
Color  greenish  gray. 

Occur.  Found  in  thin  layers  in  coal  and  bituminous  schists. 
Rare. 

BREWSTERITE,  see  zeolite  group. 

BROCHANTITE. 

Orthorhombic  a:h:c.:  0.7739:  1 : 0.4871  Cu^(OH),  SO^ 

Piivs.  Char.  Crystals  prismatic,  somewhat  elongated  ||  c.  ver- 
tically striated;  sometimes  elongated  ||  b.  Acicular  groups;  encrusting; 
massive.     Cleavage  perfect  ||  010.     H.  =  3.5-4.     G.  =  3.9.     Fusible. 

Opt.  Prop.  The  plane  of  the  optic  axes  is  parallel  to  100;  the 
negative  acute  bisectrix  is  normal  to  010.  The  angle  of  the  optic  axes  is 
large.     Color  emerald  green. 

(-)  2// «  =  96°  ±: 

Occur.  In  veins  with  other  copper  minerals,  as  malachite, 
atacamite,  chalcopyrite,  etc. 

Langitc  [Cu^(OH),,SO^-f  H^O]  is  chemically  related  to  bro- 
chantite ;  it  is  orthorhombic  with  a'.b:  c: 0.535 •  i  '•  0.635.  Crystals  small. 
complex.  Twinning  on  110  like  aragonite.  Fibrous  or  lamellar  crusts. 
Cleavage  ||  001  and  010.  H.=  2.5-3.  G.=  3.48-3.50.  Heating  changes 
the  color  through  green  to  black.  Optic  plane  parallel  to  oto;  acute  bisec- 
trix X  normal  to  001.  Color  blue  to  greenish  blue.  Pleochroic.  Found 
in  slaty  schists.     Rare. 

Herrengrundite  [(Cu.Ca).^(OH)„(SO^)2  -f  z^p]  is.  another 
related  mineral ;  it  is  monoclinic  with  a:h:c'.:  1.816 :  i :  2.800  and  fi  == 
88*  50'.  Crystals  tabular  ||  001,  six-sided,  usually  in  spherical  groups. 
Twinning  on  001.  Cleavage  perfect  ||  001.  distinct  '|  no,  in  traces  !|  102. 
H.  =  2.5.  G.  =  3.13.  Fusible.  Soluble  in  acids.  Optic  plane  and  obtuse 
bisectrix  Z  normal  to  010;  X  nearly  parallel  to  c.  2E  =  65°  18'  to  66'  53' 
Na.     Dispersion   p  <  v  strong.      Color   emerald   green   to  bluish   green. 
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Streak  light  green.     Pleochroic,  with  Z  yellowish  green,  Y  bluish  green 
X?    Found  in  quartz  conglomerate  with  malachite  and  calcite.    Very  rare. 

Serpierite  is  a  basic  sulphate  of  copper  and  zinc  in  orthorhombic 
tabular  tufted  crystals  with  a:  6:  c:  10.859:  i :  1.364.  Optic  plane  ||  100; 
acute  bisectrix  X  normal  to  001.  2£  =  66'-67°  Li;  dispersion  p>v 
strong.  Q)lor  bluish  grreen.  Found  on  snuthsonite  at  zinc  mines  of 
Greece.     Very  rare. 

BROMLITE,  see  aragonite.  BRONZITE,  see  pyroxene  group. 

BROOKITE. 

Orthorhombic  a:b:c::  0.8416 :  i :  0.4772  TiO^ 

Phys.  Chak.  Known  only  in  crystals  which  are  of  variable 
habit.  Qeavages  in  traces  I|  no  and  001.  H.  =  5.5-6.  G.  =  3.87-4^. 
Infusible.    Insoluble  even  in  HF. 

Opt.  Prop.  The  acute  positive  bisectrix  CZ)  is  always  perpen- 
dicular to  100,  but  in  many  crystals  the  plane  of  the  optic  axes  is  par- 
allel to  001  for  red  and  yellow  light  with  p  >  z'  and  parallel  to  010  for 
blue  and  green  light  with  p<r;  the  mineral  is  uniaxial  for  a  certain 
yellowish  green  tint.  In  some  crystals  the  plane  of  the  optic  axes  is 
parallel  to  coi  for  light  of  all  colors.  The  axial  angle  decreases  with 
decreasing  temperature,  so  that  it  is  uniaxial  for  yellow  light  at  — 190** C. 
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Fig^.   31   and   35.     Optical  orientation   of  brookitf   for  the  red  and   bluf-  ends 

of   the    spectrum    respectively. 

(-f)  2E  =  55°2'Li 
2E  =30°  16'  Xa 

2£  —  0°    ( yellowish   green   light) 
2E  ^  33°  48'  Tl 
fi^  —  2.74i4Xa      71^  =  2.5856X3      tip  =:  2.5832Xa 

"u-  —  "p  =  O- 1 582  Xa 

Colnr  brown,  yellowish,  reddish,  black.  In  thin  section  pleo- 
cbroisni  weak  in  yellow  and  brown  tints;  absorption  formula  either  Z> 
V>X   or  Y>Z>X. 

OrrrK.  Found  rarely  in  cavities  of  igneous  and  metamorphic 
rocks,  and   as  a   secondary  pro<lnct  in  various  rocks. 

Di  \c.  The  form,  the  enormous  dispersion,  the  extremely  high 
relief  and  tbe  strong  birefringence  are  characteristic  of  brookite. 


BR  UCITE— CALAMINE. 


BRUCITE. 


Rhoubohedral  c  =  1.531  Mg(OH), 

Phys-  Cuab.  Crystals  tabular  ||  0001;  usually  foliated  massive, 
sometimes  fibrous.  Cleavage  \\  0001  micaceous  with  flexible  and  seclile 
lamellje.     H.  =  2.5.     G.  =  2.38-3.4.     Soluble  in  acids. 

Opt.  Prop.  Uniaxial  and  positive.  The  rings  are  often  some- 
what modified,  as  in  biaxial  crystals.  Refringence  moderate;  birefrin- 
gence rather  strong. 

«,  =  1.581     «p=  1.560 

Hj  —  «p  =  0021 

Color  white,  often  grayish  or  greenish.  In  thin  section  color- 
less or  very  pale  greenish. 

Alter.  Brucite  allers  to  hydromagnesite ;  also,  rarely,  to  ser- 
pentine. 

Occur.  Common  in  serpentine ;  also  found  in  modified  lime- 
stones;  further,  it  is  sometimes  found  in  slates  and  schists. 

Pyrochroite  [MnCOH)„]  resembles  brucite  in  physical  charac-. 
lers ;  in  thin  section  it  Is  colorless  to  brown  and  pleochroic  with  E  >  X, 
uniaxial,  and  negative.  .'Mso  sometimes  biaxial.  Refringence  n^  =  1. 723, 
lip  =;  1.681;  «j  —  *tp^o,04Z.    Rare:  associated  with  hausmannite. 

DiAG.  Brucite  has  better  cleavage  than  alunite  and  flexible 
lamellx;  alFo  wholly  diiferent  occurrence  and  association;  it  differs  from 
talc,  muscovile,  and  gypsum  in  being  uniaxial  and  positive,  .ind  from 
hydromagnesite  in  its  higher  birefringence. 


BRUSHITE,    see    pharmacolite.    BYTOWNITE, 
group.  CABRERITB,  see  vivianite. 

CALAMINE. 
Orthorhombic  a:b:c::  0.783 :  i :  0.478 

Phys.  Char.  Cn-stals  distinctly  hem- 
imorphic  when  doubly  terminated,  with  pyra- 
mids at  one  end  and  the  base  and  domes  at  the 
other.  Usually  somewhat  elongated  ||  c. 
Sometimes  flattened  |I  010.  Twinning  on  001 
rare.  Often  In  sheaf-like  aggregates;  also 
fibrous  or  granular;  stalactitic,  massive,  etc. 
Qeavage  perfect  |1  no,  imperfect  I|  loi,  in 
traces  |I  oor.  H.  ^  4.5-5.  G.  =  3.4-3.5.  B.B. 
fuses  at  6,  giving  a  bright  light.  Gives  reac- 
■  tions  for  Zn.  Soluble  in  acids  with  gelatiniza- 
tion. 

Opt.  Prop.  The  plane  of  the  optic 
axes  is  parallel  to  100;  the  positive  acute  bi- 
sectrix is  normal  to  001.     The  angle  of  the 


feldspar 


Optical 

orientation  of 
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optic  axes  is  rather  large ;  axial  dispersion  very  strong  p  >  v, 
The  relief  is  distinct,  and  the  birefringence  moderate. 
(  +  )  2F  =  46'   (2£=:8i°Li  2£=:76°T1) 
ng  =  1.635    ^^m  =  I -618    «p  =  1. 61 5 
n^  —  Hp  =  0.020  to  0.022 
Colorless,  white,  pale  bluish  or  greenish,  gray,  brown. 
Luster  vitreous. 

Incl.  Greenockite  (CdS)  has  been  found  in  fine  par- 
ticles included  along  surfaces  of  growth  of  calamine. 

Occur.  Commonly  found  in  veins  associated  with 
sphalerite  and  smithsonite;  also  disseminated  in  limestone  with 
zincblcnde,  marcasite,  pyrite  and  galena. 

Clinohcdritc  [(ZnOH)  (CaOH)Si03]  is  related  chemically  to 
calamine.  It  is  monoclinic,  with  a:b:  c: 0.682 :  i :  0.323,  and  p  =  76®  2'. 
Crystals  clinohedral  of  varied  habit.  Cleavage  perfect  1 1  010.  H.  =  5.5. 
(i.  =  ^.^T^.  Fusible  with  exfoliation  at  4.  Gelatinizes  with  HCl.  Optic 
plane  and  obtuse  bisectrix  Z  normal  to  Oio:  Y  Ac  =  — 28°.  Birefringence 
not  s-tron^.  Found  in  zinc  mines  with  willemipe,  brown  garnet,  axinite. 
Very  rare. 

Dlv;.  The  strong  dispersion,  the  mode  of  occurrence, 
and  the  crystal  forms  are  quite  characteristic. 

Calcite  Group. 

This  is  a  group  of  carbonates  of  bivalent  metals  crys- 
tallizing in  the  hexagonal  system.  The  crystals  are  commonly 
ihombohedral  in  aspect,  but  calcite  has  many  crystal  habits. 
Often  compact,  fibrous,  lamellar  or  granular.  Also  stalactitic. 
Cleavage  always  very  perfect  parallel  to  the  rhombohedral  faces. 

H.  =  3.-5- 

The  minerals  of  the  group  are  all  uniaxial  and  negative. 

This  grou])  constitutes  probably  the  best  illustratiqn  of  isomor- 
phism that"  wc  have,  since  in  chemical  composition  all  members 
of  the  series  are  strictly  analogous,  and  in  physical  properties 
arc  very  similar,  and,  further,  since  many  of  the  type  minerals 
seem  capable  of  entering  into  isomorphous  mixtures  with  others 
in  all  proportions.  The  chief  minerals  of  the  group  may  be 
classed  as  follows: — 

Calcite  r=  0.8543     Cleavage  angle  =  74**  55'        CaCO^^ 

Dolomite  (7  =  0.8322    Cleavage  angle  =  73°  45'        (Ca,Mg)COyj 

Magnetite  r  =  o.8ri2     Cleavage  angle  =  72*  36'        MgCO^ 

Siderite  c  =  0.8184     Clea\^ge  angle  =:73°    o         FeCO^** 

Rhodochrositc  c  =  0.8184     Cleavage  angle  =  73**    o'        MnCO^ 

Smithsonite  c  =  0.8063     Cleavage  angle  —  72°  20'        ZnCO, 


CALCITE. 

Rhombohedfal  c  —  0.8543  CaCOa 

Phys.  Char.  Crystals  of  extreme  diversity  in  habit, 
sometimes  highly  complex.  Rhombohedral  cleavage  ]  |  loi  i 
perfect.  Common  polysynthetic  twinning  with  01I2  as  twinning 
plane,  perhaps  due  in  part  to  the  grinding  in  making  sections. 


Fins,    37a,    37b,    37c.     Simple    cryslnl    forms   ot   calcite. 

Occurs  in  rocks  in  anhedra  or  in  fibrous  aggregates  or  in  con- 
cretions. H,  =  4.  G.  =  2.72.  Infusible.  Easily  soluble  in  cold 
dilute  acids  with  effervescence. 

Opt.  Prop.     Uniaxial  and  negative.     Calcite  has  slight 
relief  with  very  strong  birefringence;  it  consequently  shows  in- 


terference colors  of  the  light  grays  and  greens  of  the  fourth  or 
higher  orders  even  in  very  thin  sections.  Very  slight  differ- 
ences of  thickness  due  to  imperfect  polishing  result  in  iridescent 
surfaces. 

»!,—  1.658      (fp=  1.486 

«,  —  Wp  —  0.172 


144  OPTICAL  MINERALOGY. 

Colorless,  white,  gray,  red,  green,  blue,  violet,  yellow, 
brown,  black.    Colorless  in  thin  section. 

Occur.  Not  only  extremely  abundant  in  sedimentary 
limestone  and  allied  rocks,  but  also  very  common  in  igneous 
rocks,  where  it  is  apparently  always  a  decomposition  product, 
although  there  are  all  gradations  from  some  amphibolites,  etc. 
to  pure  marble. 

DiAG.  Low  relief,  Vhombohedral  cleavage,  polysyn- 
thetic  twinning  parallel  to  rhombohedral  faces,  uniaxial  negative 
character,  and  extremely  strong  birefringence  are  diagnostic 
features  in  thin  sections.  Very  ready  solubility  in  cold  dilute 
acids,  low  specific  gravity,  common  polysynthetic  twinning  and 
absence  of  cr}'stal  boundaries,  must  be  relied  upon  chiefly  to  dis- 
tinguish it  from  dolomite  and  other  carbonates  of  the  same  gfroup. 

DOLOMITE. 

Rhombohedral  c  =  0.832  (Ca,Mg)C03 

Phvs.  Char.  Similar  to  calcite  in  physical  and  optical 
characters,  but  occurs  even  in  rocks  with  crystal  boundaries  or 
a  distinct  tendency  toward  crystal  outlines.  Crystals  often  have 
slightly  curved  surfaces.  H.  =  4.  G.  =:  2.88.  Infusible.  Only 
slowlv  soluble  in  dilute  acids. 

Opt.  Prop.  Uniaxial  and  negative.  The  refringence 
and  birefringence  increase  with  increase  of  iron  content. 

FeCO.j  absent  FeCOj^3.29^        FeCO^  10.61  <^ 

«g=  1.682  1.6883  1.7005 

«p  =  1.503  1.5070  1.5148 

Wg  —  lip  =  0.179  0.1883  0.1857 

Occur.  Forms  rock  masses  of  dolomitic  limestone  and 
marble ;  also  found  in  limestones,  phyllites,  etc.,  as  well  as  in 
occasional  cavities  in  basic  igneous  rocks. 

DiAG.  Distinguished  from  calcite  by  tendency  to  crystal 
outlines,  absence  of  polysynthetic  twinning,  only  slow  solubility 
in  cold  acids,  and  higher  specific  gravity. 

MAGNESITE. 

R  H  O  M  r.0 1 1 EDR  A  L  f  =  0.8 1 1  MgfCO, 

Phys.  Ch.xr.  Similar  to  calcite  in  physical  and  optical  char- 
acter? :  occurs  both  in  crystals  and  as  anhedra.  Polysynthetic  twinning 
is  absent.  Sometimes  contains  considerable  isomorphous  iron  carbonate; 
it  is  then  called  hrcinmerite  and  is  often  yellowish  in  color  from  limonitc 
alteration  products.  H.  =  3.5-4.5.  G.  =  3-0-3.1.  Infusible.  Insoluble  in 
cold  acid ;  cfTcrvcsces  in  warm  acid. 
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Opt.  Prop.  Uniaxial  and  negative.  Color  while,  yellowish, 
grayish,  brown.    Colorless  in  thin  section. 

fig  =1.717     Wp  =  1.515 
n^  —  '^p  =  0.202 
Breunnerite  with  16.33%  FeCOg  and  12.83  VrMnCOj^  »s  said  to 
have  weaker  birefringence,  with  n^=  1.7174.  %=  1.5285,  n^  —  Up  =  0.1889. 
Occur.    Found  in  some  chlorite  and  talc  schists,  in  serpentine, 
etc. 

piAG.  Distinguished  from  calcite  by  absence  of  polysynthetic 
twinning;  from  calcite  and  dolomite  by  extremely  strong  birefringence, 
insolubility  in  cold  acids,  and  higher  specific  gravity. 

SIDERITE. 

Rhombohedral  c  =  0.818  FeCOg 

Phys.  Char.  Similar  to  calcite  in  physical  and  optical 
characters;  occurs  in  crystals  and  massive.  Polysynthetic  twin- 
ning sometimes  present.  H.  =:  3.5-4.  G.  3.83-3.88.  Decrepi- 
tates, fuses  at  4.5,  and  becomes  magnetic.  Soluble  with  eflFer- 
vescence  in  hot  HCl. 

Opt.  Prop.  Uniaxial  and  negative.  Double  re-frac- 
tion strong. 

ng=  1.873     ^'P=  ^-633 

Wg Wp  =:  0.240 

Siderite  with  17.04%  MnCO.,  and  SA^Vf  MgCO.,  has 
ng  =  1.9341,  «p=  1.6219;  Wg  —  np=:  0.3122. 

Color  gray,  rarely  green ;  by  alteration  becomes  brown 
to  red.  In  thin  section  ashen  gray  to  colorless ;  absorption  often 
distinct. 

Alter.  Changes  readily  on  exposure,  passing  to  limon- 
ite,  and  often  later  to  hematite  or  magnetite. 

OccL'R.  Found  in  many  sedimentary  and  metamorphic 
rocks,  as  limestone,  clay  iron  stone,  clay  slate,  mica  slate,  gneiss, 
etc.  Also  often  associated  with  metallic  ores  in  veins.  Occa- 
sionally found  in  basic  igneous  rocks. 

DiAG.  Differs  from  dolomite  and  magnetite  in  common 
polysynthetic  twinning  and  higher  specific  gravity:  differs  from 
calcite  in  common  presence  of  limonite  alteration  products,  in- 
solubility in  cold  acids,  and  higher  specific  gravity.  It  also  com- 
monly has  an  ashen  gray  color  with  distinct  absorption,  and  a 
high  index  of  refraction  similar  to  that  of  epidote.  The  indices 
of  refraction  of  siderite  arc  both  higher  than  that  of  Canada 
balsam ;  this  is  not  true  of  any  other  mineral  of  the  group,  except 
smithsonite  and  rhodochrosite. 
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RHODOCHROSITE. 

Rhombohedral  c  =  0.818  MnCO, 

Phvs.  Char.  Similar  to  calcite-  Crystals  uncommon,  usually 
massive  cleavable  to  compact.  H.  =  3.5-4.5.  G.  =  3.45-3.60.  Infusible, 
but  decrepitates  and  turns  black.     Soluble  with  effervescence. 

Opt.  Prop.  Uniaxial  and  negative.  Double  refraction  strong. 
Indices  of  refraction  high. 

«g=  1.82     n^=  1.60 
Wg  —  lip  =  0.222 

Color  rose  red,  dark  red,  yellowish  gray,  brown.     Streak  white. 

Alter.     Alters   rather  easily  to  pyrolusite. 

Occur.  Common  mode  of  occurrence  is  in  veins  with  ores 
of  silver;  lead  and  copper,  and  other  ores  of  manganese. 

DiAG.  Differs  from  other  members  of  the  group  in  associated 
minerals,  pyrolusite  as  an  alteration  product,  and  presence  of  manganese. 

SMITHSONITE. 

Rhombohedral  c  =0.806  ZnCO^ 

Phvs.  Char.  Similar  to  calcite.  Crystals  rare;  crystal  faces 
usually  curved  and  roughs  Often  rcniform,  in  incrustations,  or  granu- 
lar.    H.  =  5.     G.  =  4.30-4.45.     Infusible.     Soluble  with  effervescence. 

Opt.   Prop.     Uniaxial  and  negative.     Double  refraction  strong. 
Hg  =  1. 818  it     Up  =  1. 61 766 

Hg  —  Mp  =  0.200 

Color  white,  grayish,  greenish,  brownish,  blue.     Streak  white. 

Alter.     Alters  to  calamine,  to  quartz,  or  to  limonite. 

OccrR.  Found  in  veins  and  in  beds  usually  associated  with 
sphalerite  and  galena;  also  with  copper  and  iron  ores.  It  usually  occurs 
in  calc.'ireous  nx'ks.  or  in  veins  formed  by  carbonated  waters.  Often  also 
associated  with  calamine. 

DiAG.  Differs  from  the  other  members  of  the  group  in  mode 
of  occurrence,  alteration,  and  associated  minerals.  Also,  chemically,  in 
the  presence  of  zinc. 

CALEDONITE. 

Orthoriiombic  a:  Z»:  c:  :o.oi6:  1 :  1.403  (Pb,Cu)2rOH)^SO^ 

Phvs.  Char.  Crystals  elongated  |!  a;  in  divergent  groups, 
Cloavage  perfect  'I  001,  imperfect  '|  100.  H.  =  2.5-3.  G.  =  6.4.  Easily 
fusihit .     Soluble  in  part  in  HNO.,. 

OiT.  Prop.  The  optic  plane  is  parallel  to  100;  the  acute  bisec- 
trix X  is  normal  to  010.  2[' =  82*  37'Li.  Dispersion  p<r  weak.  n„  = 
1.846  Li.  Color  dtx'p  green  or  bluish  green.  Streak  greenish  white. 
Ploochroio. 

Ot  riR.     Found  with  lead  ores  chiefly  in  qu?.rt7  veins. 
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CALOMEL. 


Tetragonal  c=i723  HgCl 

Phys.  Chak.  Crystals  pyramidal;  tabular  ||  001;  ofteii  highly 
complex.  Cleavage  distinct  ||  ico,  indistinct  |(  111.  H.  =  1.-2.  G. — 
6.48.     Infusible,  but  volatile.     Soluble  in  aqua  regia. 

Opt.  Prop.  Uniaxial  and  'positive.  Refringence  very  high; 
birefringence  twice  as  strong  as  in  any  other  known  mineral  except  stib- 
nite. 

tij  =  2.6559Na    n^  =  i.9732Na 
fig  —  Hp  =  0.6827  Na 

Color  white,  yellowish,  grayish,  brown.  Streak  pale  yellowish 
while. 

Occur.     Found   with  cinnabar   in  quicksilver  mines.     Rare. 

CANCRINITE,  see  nephelite  group. 

CARNALLITE. 

Orthorhombic  a:b:  c:  o.5g4 :  i :  0.(391  KMgCL+6H,0 

Phys.  Char.  Crystals  resembling  hexagonal  pyramids,  rare. 
Commonly  massive,  granular.  No  distinct  cleavage.  H.  =  1.  G.  =  1.6. 
Easily  fusible.     Soluble  in  H^O.     Deliquescent.     Taste  bitter. 

Opt.  Prop.  The  optic  plane  is  parallel  to  010;  the  acute  bisec 
trix  Z  is  normal  to  100.     Birefringence  strong.     Dispersion  p  <  v. 

(-{-)  2['  =  69°48'  (2£:^-ii5°6') 
"g  =  1 .4937     «m  =  I  -4753     %  =  I  4665 
"g  —  "p  —  0-0272 
Color   white,   often   reddish   metallic   on   account   of   inclusions 
of  hematite  scales.     Colorless  in  thin  section. 

Occur.     Found  in  salt  deposits.     Rare. 

Erythrosiderite  (K^FeCl.  H^O)  is  also  orthorhombic  with 
a'  b:  c::  0.691 :  i :  0.718 :  crystals  elongated  1 1  c.  flattened  1 1  100.  Very 
deliquescent.  Optic  plane  parallel  to  001 ;  acute  bisectrix  X  normal  to 
lOp.  Optic  angle  large  (2£>T30°):  dispersion  very  strong  with  />  <  v. 
Birefringence  strong.  Yellow  and  not  pleochroic  in  thin  section.  Red  in 
mass.  Found  with  other  chlorides  and  with  realgar  and  sulphur  at  Ve- 
suvius. 

Chlormanganokalite  ( K^MnCl^j")  is  rhombohedral  with  c  =  0.58 : 
crystals  rhombohedral  without  cleavage.  Fracture  conchoidal,  glassy.  H.  = 
2.5.  G.  =  2.31.  Deliquescent.  Readily  fusible.  Uniaxial  and  positive. 
(Said  by  Lacroix  to  be  biaxial  with  small  optic  angle,  and  monoclinic.) 
Refringence  moderate  n=i.59:  birefringence  very  weak.  Color  yellow 
in  mass.    Formed  at  Vesuvius  by  volcanic  vapors. 

CARPHOLITE. 

Orthorhombic  Axial  ratio  unknown         •         H.MnAl  Si  O,. 

Phys.    Char.      Not    found    in    distirct    crvr^tals,   but    in   fibrous 
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Fig.    38. 

Optical    orientation 

of  carpholite. 


aggregates  with  cleavage  parallel  to  the  elongation.     H.  =  5.-5.5.     G.  =: 
2.87-2.93.     Not  distinctly  attacked  by  acids. 

Opt.  Prop.     The  plane  of  the  optic  axes       CARPHOLITE 
is  parallel  with  the  elongation.     The  negative  acute 
bisectrix  is  perpendicular  to  the  vertical  axis.     The 
elongation  is  therefore  positive.     The  angle  of  the 
optic  axes  is  variable,  but  reaches: — 

(— )  2F  =  6o°  about 

n  =  1.63  about 
;ig  —  np  =  0.022  about 

Color  straw  to  wax  yellow;  in  thin  sec- 
tion colorless  to  yellow,  with  distinct  pleochroism 
in  the  colored  varieties  as  follows: — 

Z  =  colorless 

Y  =  golden  yellow  to  colorless 

X  =  golden  yellow  to  colorless 

The  maximum  absorption  is  therefore 
transverse  to  the  elongation.  The  color  may  varj' 
in  a  single  crystal. 

Occur.    Found  rarely  in  quartz  and  metalliferous  veins. 

DiAG.  Distinguished  from  ardennite  by  positive  elongation, 
lower  relief,  and  fusibility. 

CARPHOSIDERITE,   sec  copiapite.  CASSITERITE,  sec  rutile 
group. 

CATAPLEIITE. 

Hexagonal  r=  1.362  H^(Na2,Ca)ZrSi30^j 

Phys,  Char.  Usually  thin  tabular  hexagonal  prisms  when 
crystallized.  Twinning  common  of  different  kinds.  Cleavage  perfect  |j 
loTo;  difficult  11  loii  and  iof2.  H.  =  6.  G.  =  2.8.  Soluble  in  acids  with 
separation  of  gelatinous  silica.  Said  by  Brogger  to  be  only  pseudohex- 
agonal  and  really  monoclinic  at  ordinary  temperatures. 

Opt.  Prop.  Uniaxial  and  positive;  but  the  black  cross  some- 
times separates  slightly  into  hyperbolas  indicating  an  optic  axial  plane 
parallel   (or  nearly  so)  to  the  face  idii. 

«g=  1.629    «;,=  1.599 
Mg  —  Wp  =  ^030 

Recent  detailed  study  of  catapleiite  from  Greenland  by  Boggfild 
indicates  that  the  change  from  monoclinic  to  hexagonal  symmetry 
occurs  at  temperatures  varying  in  crystals  of  different  habit,  and  even  in 
different  crystals  of  the  same  habit.  The  temperature  of  transformation 
varies  from  below  — 50*  to  4-220°  ;  at  ordinary  temperatures  most  crystals 
are  monoclinic  Cor  orthorhombic?)  with  ti^  =1.6260,  n^  =  I.5921,  »„  = 
15905,  M,,  —  7;p  =  0.0364.  and  2^  =  25°  25',  or  2E  =  4i®i'.  Further,  in 
some  cases,  the  optic  plane  is  normal  to  lofo. 

Color  ligli^  yellow  to  yellowish  brown,  grayish  blue,  violet. 
.Mmost  colorless  in  thin  section,  but  often  yellowish  in  some  parts. 

Occi'R.     Found  in  zircon  syenites  of  Scandinavia. 

DiAG.      Approximately    uniaxial    positive    character    with    high 


CATAPLEIITE—CHALCOCITE.  149 

relief  and  strong  birefringence  serve  to  identify  the  mineral.    Also  pris- 
matic cleavage  and  solubility  with  gelatinization. 

CELADONITE,  see  glauconite.  CELESTITE,  see  barite  group. 
CELSIAN,  see  feldspar  group.  CERARGYRITE,  see  halite  group. 
CERUSSITE,  see  aragonite  group.  CHABAZITE,  see  zeolite  group. 

CHALCANTHITE. 

Triclinic  aibic:: 0.5656 :  i : 0.5507  CuSO^+5H20 

a  =  82°  21'  )8  =  73*"  II'  7  =  77''  37* 

Phys.  Chak.  Crystals  usually  flattened  ||  in;  also  massive, 
stalactitic;  sometimes  fibrous.  Cleavage  imperfect  ||  no,  iio,  and  iii. 
H.  =  2.5.  G.  =  2.12-2.30.  Soluble  in  H^O  from  which  iron  precipitates 
copner. 

Opt.  Prop.  The  negative  acute  bisectrix  is  in  the  upper  right 
hand  rear  quadrant;  it  therefore  lies  between  — a,  +b,  and  -\-c,  A  plane 
normal  to  this  bisectrix  makes  an  angle  of  81^31'  with  no,  an  angle  of 
43°  41'  with  no  and  an  angle  of  72°  s^Yi'  with  in.  The  refringence  is 
low,  and  the  birefringence  rather  strong.  The  angle  of  the  optic  axes  is 
considerable ;  dispersion  />  <  r. 

(— )  2F  =  56**2'  (2£  =  93^*1'). 

n^  =  1.5464  «ai  =  1-5394  «p  =  1-5156 

«g  — Wp  =  o.03o8 

Color  blue  of  various  shades,  sometimes  greenish*  Colorless 
in  thin  section. 

Alter.  Varieties  not  compact  readily  fall  to  white  powder 
on  exposure  to  air. 

Occur.  Commonly  formed  by  the  oxidation  and  hydration  of 
sulphide  copper  ores,  such  as  chalcopyrite  and  chalcocite.  It  is  therefore 
found  in  some  spring  waters,  and  in  the  waters  of  some  copper  mines, 
from  which  it  forms  stalactites.     Rarely,  in  fibrous  form  in  veins. 

CHALCOCITE. 

Orthorhombic  a:b:  c::  0.5822 :  i :  0.970Y  Cu.S 

Phvs.  Char.  Crystals  commonly  hexagonal  in  aspect  some- 
times by  means  of  twinning  on  no.  Rarely  elongated  !|  tr.  Usually  mas- 
sive, granular  to  compact.  Cleavage  indistinct  ||  no.  H.  =  2.5-3.  G.  = 
5.5-5.8.  Fuses  easily  to  a  globule  and  yields  copper  in  reducing  flame. 
Soluble  in  HNO^. 

Opt.  Prop.  Opaque.  Color  blackish  lead  gray.  In  reflected 
light  has  metallic  lu.ster  and  dark  lead  gray  color.     Sometimes  tarnished. 

Alter.  Alters  sometimes  by  gradual  transformation  to  covel- 
lite  (CuS)  :  also  to  chalcopyrite,  bornite. 

Occur.  Found  in  veins,  and  also  disseminated  in  limestones 
and  other  rocks,  associated  with  chalcopyrite,  bornite,  cnargite,  etc.  Also 
produced  by  the  action  of  hot  springs  upon  copper  coins. 

CHALCOPHYLLITE,   see  tyrolite. 
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CHALCOPYRITE. 

Tetragonal  c  =  0.985  CuFeS^ 

Phys.  Char.  Crystals  commonly  tetrahedral  in  aspect,  often 
horizontally  striated.  Twinning  on  iii,  often  in  penetration  forms;  less 
commonly  on  loi,  or  iic  Often  massive,  compact.  H.  =  3.5-4.  G.  = 
4.1-4.3.  Fusible  to  magnetic  globule.  Soluble  in  HNO^^  with  residue 
of  S. 

Opt.  Prop.  Opaque.  Color  brass  yellow,  often  tarnished.  In 
reflected  light  has  metallic  luster  and  brass  yellow  color.    Polishes  readily. 

Alter.  Chalcopyrite  may  oxidize  to  a  sulphate ;  other  altera- 
tion products  include  malachite,  chrysocolla.  limonite. 

Occur.  Chalcopyrite  is  the  most  widely  disseminated  ore  of 
copper.  It  occurs  frequently  in  %'cins  with  other  copper  minerals;  it  is 
also  found  disseminated  in  crystalline  schists  and  gneiss,  and  in  serpen- 
tine. Less  commonly  it  is  found  in  igneous  rocks.  Finally,  it  is  pro- 
duced by  the  action  of  hot  springs  upon  copper  coins,  and  is  sometimes 
formed  in  metallurgical  furnaces. 

CHILDRENITE. 

Orthorhombic       o:  &:  r:  10778:  1:0.526       (Fe.Mn)  Al(OII).,PO^+2HjO 
Phys.   Char.     Crystals  pyramidal  or  prismatic.     Cleavage  im- 
perfect   II    100.     H.  =  4.5-5.      G.  =  3.18-3.24.      Fusible   at    about    4    after 
swelling.     Soluble  in  HCl. 

Opt.  Prop.  Th«  optic  plane  is  parallel  to  100.  The  acute  bi- 
sectrix X  is  normal  to  010.  Optic  angle  somewhat  variable ;  dispersion 
p  >  V,  marked.  2E  =  74°  25'  Na.  Color  yellowish  white,  yellowish  brown, 
brownish  black.     Streak  white  to  yellowish. 

Occur.  Found  on  phyllite  in  slate  mines ;  also  on  sideritie,  pyr- 
ite  or  quartz,  sometimes  with  apatite  or  amblygonite.     Rare. 

Eosphorite  differs  chemically  from  childrenite  only  in  contain- 
ing dominant  manganese  instead  of  iron.  Crystals  prismatic,  vertically 
striated;  also  massive.  Cleavage  nearly  perfect  ||  too.  H.  =  5.  G- =  3.11- 
3.15.  Optically  like  childrenite,  but  2// =  54°  30':  dispersion  p  <  r.  Color 
rose  pink:  also  yellowish,  colorless,  grayish,  bluish.  Pleochroism  weak 
with  Z  pale  pink  to  colorless.  Y  deep  pink,  X  yellowish.  Found  in  peg- 
matite vein  with  other  manganese  minerals.     Rare. 

CHLOANTHITE,    see    pyrite    group.    CHONDRODITE,    see 

humite  group. 

Chlorite  Group. 

Phys.  Char,  Characterized  bv,  and  named  from,  the 
green  color  due  to  iron  protoxide ;  but,  rarely,  chlorites  are  found 
with  white,  pink,  brown  or  blue  color.  Ver}*^  similar  to  micas, 
but  the  micaceous  cleavagfe  lamoUie,  parallel  to  001  are  flexible, 
but  not  elastic.  Distinctly  monoclinic  fclinochlore)  or  pseudo- 
rhombohedral  and  monoclinic  (penniniteV     Twinning  of  differ- 
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ent  kinds  is  very  common.     H.  =  2.-3.     G.  ::=  2.6-2.96.     Easily 
attacked  by  acids. 

Opt.  Prop.  Pleochroism  is  present  in  all  chlorites,  and 
the  maximum  absorption  is  always  in  the  direction  of  the  cleav- 
age. The  birefringence  is  usually  very  weak  (penninite  o.ooi) 
only  reaching  o.oio  in  clinochlore  and  0.014  in  delessite.  The 
dispersion,  on  the  contrary,  is  strong,  and  gives  the  chlorites 
bluish  and  yellowish  interference  colors  near  extinction. 

Occur.  Chlorites  arc  very  widely  disseminated  in  na- 
ture, being  found  in  practically  all  classes  of  rock$,  and  are 
abundant  in  a  few.  They  are  the  only  essentia!  constituent  of 
chlorite  schist.  In  igneous  rocks  chlorite  is  always  of  secondary 
origin  being  formed  at  the  expense  of  the  aluminous  micas, 
pyroxenes,  amphiboles,  and  garnets.  It  is  also  formed  by  "reac- 
tion" between  minerals,  and  may  thus  replace  feldspars,  etc. 

DiAcr.  The  chlorites  are  characterized  by  pale  green 
color,  with  distinct  pleochroism,  low^  relief,  wxak  birefringence, 
and  strong  dispersion :  also  by  flexible  but  inelastic  cleavage 
lamell.x,  and  absence  of  alkalies'. 

The  various  chlorites  show  relatively  slight  variations 
in  their  chemical  composition,  all  of  them  being  hydrous  alumi- 
num silicates  of  magnesium  and  iron.  They  are  classified  by 
Tschermak  on  chemical  grounds  as  orthochlorites,  which  occur 
in  crystals  or  large  lamellae,  and  leptochlorites.  which  occur  in 
microscopic  scaly  masses.  Many  of  the  leptochlorites  are  too 
imperfectly  known  to  merit  description  here.  The  important 
recognizable  species  are  as  follows : — 

Orthochlorites 
Penninite  HjMg.Fc).Al..Si..O,^ 

Ginochlore  1 1;,(  Mp.Fc)'ACSi''0,, 

Ripidolite  (or  Prochlorite)     H^JFc.Mg)'...Al,,Si^..O.,^ 
Corundophilite  H.^JMg.Fc);;Al,Si.,d^; 

Leptoc  h  lorites  ^  • 

Deles«;ite  H,/Fc,Mg)/AlFe)^Si^02., 

infinite  Composition? 

PENNINITE. 

MON'OCLINIC    PsEUnORHOMBOIIEDRAL  H^(  Mg.Fe)  -  Alj^^a^is 

a:b\  c:  0.577:  1  :  2.277 
P  =  89°  40' 
Phys.  Char.    Usually  in  thin  lamella?  whicfi  are  some- 
times triangular  or  hexagonal ;  sometimes  fibrous.     Perfect  basal 
001   cleavage,  producing  flexible  inelastic  lamallae.       Percussion 
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and  pressure  figures  are  like  those  in  mica.  Twinning"  according 
to  the  penninite  law,  in  which  the  twinning  plane  is  the  basal 
plane,  which  is  also  the  composition  face;  and  also  according  to 
the  mica  law,  in  which  the  twinning  plane  is  perpendicular  to 
the  base  and  lies  in  the  zone  of  ooi  and  no;  in  this  case  also 
the  composition  face  is  often  the  basal  plane.  In  the  first  type 
there  is  rotation  of  i8o°  about  the  twinning  axis;  in  the  second 
case  the  rotation  is  60**  or  a  multiple  of  60°.  H.  =  2.-2.5.  G.  = 
2.6-2.84.  Fusible  with  difficulty  after  exfoliation.  Decomposed 
by  H2SO,. 

Opt.  Prop.    The  acute  bisectrix  which  is  perpendicular 
to  the  base  001   is  usually  negative.     The  mineral  often  gives 


Figs.   39  and   40.     Diagrams  of  basal   sections  of  penninite   showing   two 
types  of  grouping  of  laminae  twinned  on  the  mica  law. 


the  interference  figure  of  a  uniaxial  species  on  account  of  the 
combined  effect  of  the  numerous  submicroscopic  twinning  indi- 
viduals. The  optic  axial  angle  is  never  large.  Strong  dispersjon 
with  p  >  T'  in  negative  crystals,  and  p  <  z;  in  positive  crystals. 

Tzh)  2/i  usually  nearly  0° 

"k  =  1-579     '^P=  i-37^> 
;/g  —  «p  =  o.ooi   to  0.003 

The  polarization  colors  are  very  characteristic,  being 
in  the  grayish  blue  of  the  first  order  for  sections  of  0.02  to  o  03 
mm.  thickness.  In  ordinary  light  there  is  no  extinction  on 
account  of  the  strong  dispersion ;  instead,  the  color  is  a  darker 
blue,  changing  to  "ultra  blue'*  in  one  direction  and  pale  yellowish 
in  the  other. 

Color  green  of  various  shades ;  rarely  red,  violet,  pink, 
yellow,  white.  The  pleochroism  is  distinct  and  becomes  stronger 
as  one  deals  with  varieties  more  deeply  colored.     The  minimum 


PENNINITE—CLINOCHLORE. 


153 


absorption  always  occurs  in  the  directions  perpendicular  to  the 
base ;  therefore  we  have* : — 


Penninite  — 
Z  =  green 


Penninite  + 
very  pale  yellowish  green 

to  colorless 
green 
green 


Y  =  green 

X  =  very  pale  yellowish 
green  to  colorless 

The  absorption  is  therefore  as  follows: — 

Penninite  —        Z  =  Y  >  X 

Penninite  +        Z  <  Y  =  X 

The  elongation  of  the  common  negative  penninite  is 
positive  with  extinction  sensibly  parallel. 

Occur.  Penninite  is  a  very  common  alteration  prod- 
uct; it  is  often  formed  from  biotite,  less  commonly  from  amphi- 
bole,  pyroxene,  garnet,  or  even  feldspar.  It  occurs  in  veins,  in 
rock  cavities,  and  in  all  kinds  of  rocks. 

DiAG.  The  distinguishing  characters  of  penninite  are 
its  pale  green  color  and  pleochroism,  generally  negative  sign, 
nearly  uniaxial  character,  and  very  weak  birefringence. 

CLINOCHLORE. 

MoNOCLiNic        a:b:c::  0.577 :  i :  2.277      H,(Mg,Fe)5AUSi^O,s 

)8  =  89*'4o' 
Phys.   Char.     Similar  to  penninite   in  physical  char- 
acters  and  composition.     Microscopic   crystals   more   abundant. 


CfC 


Figrs.  41  and  42.    Diag^rams  of  basal  sections  of  clinochlore  showing  two 
types  of  grouping  of  laminae  twinned  on  the  mica  law. 

Polysynthetic  twinning  common.     H.  —^  2.-2.5.     G-  =  2.65-2.78. 
Fusible  with  difficulty.    Decomposed  hy  HoSO^. 


•  See  Gabbrold   Rocks  of   Minuosota.      A.    N.    Wlncholl.      American   Geologist, 
Vol.  XXVI.  p.  350 
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Opt.  Prop.  The  plane  of  the  optic  axes  is  usually  par- 
allel to  oio,  and  the  acute  bisectrix,  which  is  ordinarily  positive, 
is  nearly  perpendicular  to  ooi.  According  to  Tschermak  it 
makes  an  angle  of  2""  30'  with  the  normal  to  001.  The  angle  of 
the  optic  axes  is  quite  variable,  even  in  a  single  lamella,  but  it 
is  distinctly  larger  than  in  penninite  except  in  colorless  clino- 
chlore.     Weak  inclined  dispersion  with  p  <  f. 

(  +  )  2E  =  o\  26%  44%  72%  etc. 
;ig  =  1.596     ;i„  =  1.588     ;/p  =  1.585 

Hg ftp  =  0.0 1 1 

Fine  twinning  bands  common  in  thin  sections. 
Color  dark  grass  green  to  olive  green ;  rarely  yellowish, 
white,  rose  red.     Pleochroism  is  always  distinct,  except  in  the 
rare  uncolored  varieties,  as  follows: — 

Z  =  pale  yellowish  green  to  colorless 
Y  =  pale  green 
X  =:  pale  green 
The  absorption  formula  is  X  >  Y  >  Z. 
Occur.     \'er)'  widely  distributed;  but  not  as  abundant 
as  penninite  as  a  microscopic  constituent  of  all  classes  of  rocks. 
DiAG.     Characterized  by  pale  gr.een  color  and  pleochro- 
ism, generally  positive  and  distinctly  biaxial  character,  notable 
birefringence  and  common  polysynthetic  twinning  bands,  often 
with  perceptible  extinction  angles. 

RIPIDOLITE  (Prochloritc). 


!»0 


MoNOd.iNk  a:  h:  4*1:0.577:  I  :  2.277  ^4o^^^-^^sK.-jAlj^Sij.,0, 

^  =  89°  40' 

Phvs.  Char.  Similar  to  penninite  in  physical  and  optical  char- 
actcr.N,  but  usuallv  occurs  in  interlaced  lamellae,  or  more  rarelv  in  vermic- 
ulate  rri.«inis,  c  r  in  rcstttes.  cr  sjheroidal  grcurs.  H.=  i.-2.  G- =: 
2.78-2.Q6.     Fn^ible  with  difficulty.     Decomposed  by  H..SO  . 

Opt.  Prop.  The  acute  bisectrix  which  is  usually  positive  is 
inclined  abtnit  2^  from  the  normal  to  001.  The  birefringence  seems  to 
be  ^^iniilnr  to  that  of  iK^minite,  and  the  dispersion  is  also  very  strong,  with 
p  <C  t'.      1  ho  angle  of  the  optic  a.xes  is  small  and  often  almost  zero. 

Color  usually  green,  rarely  bronze  brown  or  greenish  gray.  Tlie 
pleochrnisni  i>  distinct  as  follow^: 

Z  —  colorless  or  greenish  yellow  or  brownish 
^*  —  green,  yellowish  green 
X  —  green,  yellowish  green 
OccrR.     Found  in  the  same  rocks  a<;  the  other  chlorites.  as  an 
alteration  product  in  eruptive  and  metamorphic  rocks,  and  as  an  essential 
of   some  crystalline   schist^.     Rut   it  occurs   in  the  purest  masses  in  veins 
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in  these  rocks,  associated  with  quartz,  orthoclase,  albite/  rutile,  octahedrite, 
titanite,  ilmenite,  etc.  It  often  occurs  in  poikilitic  growths  in  orthoclase. 
albite,  quartz,  calcite,  axinite,  prehnite,  etc. 

DiAG.  Distinguished  from  penninite  by  its  vermiculate  forms, 
its  usual  positive  character,  its  greater  content  of  iron,  and  its  greater 
specific  gravity. 

CORUNDOPHILITE. 

MoNocLiNic  a:  b:c::o.S77: 1:2.277  ^•»o(Fe,Mg)j^AljjSi^O^. 

^  =  89°  40' 
Phvs.   Char.     Similar   to  penninite.     Usually   in   six-sided   or 
twelve-sided  tables  or  low  prisms.     Laminae  somewhat  more  brittle  than 
those  of  penninite.     H.  =  2.5.     G.  =  2.90. 

Opt.  Prop.  The  plane  of  the  optic  axes  is  parallel  to  010,  and 
the  positive  acute  bisectrix  is  inclined  8°  to  the  normal  to  001.  Disper- 
sion p  <  r  distinct.     Color  green. 

(-}-)   2£  =  variable,  e.  g.  65°,  80°. 
w„=:  1.583  about 
Occur.     Always   found    associated    with   corundum    or   emery. 
Rare. 

DiAG.  Distinguished  from  penninite  and  ripidolite  by  rather 
large  oprlic  angle;  fronr  all  other  chlorites  by  association  with  corundum. 

DELESSITE. 

MoxocLiNic?  Axial    ratio   unknown  Hj^,(Fe,Mg)^(Al,Fe)^SijO^.^ 

Phys.  Ch.\r.  Resembles  penninite  in  physical  characters,  but 
occurs  in  lamellar  masses,  rosettes  or  spherulites  without  crystal  outlines. 
H.  :=  2.-3.  G.  =  2.6-2.9.  Fusible  with  difficulty.  Easily  soluble  in  acids 
with  residue  of  silica. 

Opt.  Prop.  The  acute  negative  bisectrix  is  sensibly  normal  to 
the  micaceous  cleavage  001.    The  angle  of  the  optic  axes  is  nearly  zero. 

(— )  2£=o°  + 
w=  1. 61 9  about 
Hg — «p  =  0.014  about 
Color   usually  green,  rarely  pink.     The  pleochroism  is  always 
distinct  as  follows: — 

Green  delessite  Pink  delessitc 

Z  =  green  pink 

Y  =  green  pink 

X  =  pale  green  or  colorless       *       pale  jxllow  or  colorless 

Occur.  Very  common  alteration  product  of  old  basic  igneous 
rocks,  though  only  sparsely  distributed.  Also  found  filling  cavities  in 
altered  felsitic  rocks. 

DiAG.  Distinguished  from  the  other  chlorites  by  its  stronger 
birefringence. 

.ffiRINITE. 

MoNOCLiNic?  Axial  ratio  unknown  Formula  unknown 

CoMP.  ^rinite  is  a  hydrous  silicate  of  aluminum  and  other 
bases,  probably  including  iron,  calcium  and  magnesium. 
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PuYS.  Char.  Crystals  unknown;  usually  compact  fibrous  to 
lamellar.  Cleavage  perfect  jj  ooi.  G.  :=248w  Gives  water  and  turns 
to  wood  brown  color  in  the  closed  tube.  Easily  fusible.  Soluble  even  in 
cold  acids. 

Opt.  Prop.  The  negative  acute  bisectrix  is  nearly  normal  to 
the  micaceous  cleavage  ooi.  The  direction  of  the  elongation  of  the  fibers 
is  therefore  positive.  The  optic  angle  is  small;  the  dispersion  is  very 
strong,  like  that  of  penninite.  The  fibers  and  lamellx  are  often  inter- 
laced. 

Color  blue ;  pleochroism  intense  in  thin  section  with  Z  ^  Y  = 
dark  cobalt  blue,  X  =  yellowish  or  colorless. 

Occur.    Found  in  veins  in  altered  diabase.    Rare. 

DiAG.  The  micaceous  character  with  intense  blue  pleochroism 
is  quite  characteristic. 


Chloritoid  Group. 


H^FeAljSiO, 


Triclin'ic   or   monoclinic    (Pseudouex agonal) 

Axial  ratio  unknown 

Com  p.  It  is  still  somewhat  uncertain  whether  the  minerals  in- 
cluded here  form  a  group  or  should  be  considered  simply  as  varieties  of 
a  single  species.  This  uncertainty  is  largely  due  to  the  fact  that  inclu- 
sions are  so  abundant  as  to  prevent  securing  pure  material  for  analjrsis. 
The  optical  properties  of  these  minerals  are  the  same,  or  at  least  very 
similar.  The  formula  given  above  corresponds  approximate^*  with  the 
analysis  of  chloritoid  (proper)  and  sismondinc.  Magnesium  may  replace 
part  of  the  iron,  l-'cnasquitc  contains  much  more  silica;  ottrcliie  is  rich 
in  silica  and  also  contains  some  MnO  replacing  part  of  the  FeO. 

Phys.  CH-^R.  Similar  to  mic?.s  in  form:  also  twinned  accord- 
ing to  the  mica  law  in  which  the  twinning  plane  is  i>erpendicular  to  the 
base  and  lies  in  the  zone  of  ooi  and  no.  The  composition  face  is  usually 
the  base,  but  may  var>-  in  a  single  mass,  or  the  individuals  may  inter- 
penetrate irregularly.  Twinning  usually  polysynthetic.  Basal  cleavage 
not  as  good  as  in  the  micas,  although  accentuated  by  twinning.  Difficult 
cleavages  i)arallel  to  no  and  lio,  almost  perpendicular  to  ooi,  and  form- 
ing an  angle  near  120°.  Finally,  a 
cleavage  or  parting  parallel  to  010  which 
appn-jximately  bi*iect<?  the  obtuse  angle 
of  the  prismatic  cleavages.  Cleavage 
laniellcne  are  not  flexible.  H.  ^=  6.5.  G. 
=  3.26-.V57.  Nearly  infusible,  but  be- 
comes magnetic.     Dect^mposed  by  H..SO.. 

OiT.  Prop.  The  plane  of  the 
optic  axe<  is  ])arallel.  or  almost  parallel, 
to  010.  The  positive  acute  bisectrix 
makes  an  angle  with  the  vertical  axis 
of  about  3^  in  some  cases.  12°  to  18** 
in  others,  and  in  exceptional  ca^es  28°. 
This  angle  is  large  in  ottrclitc.  The 
angle  of  the  optic  axc^  varies  in  differ- 
ent   l<x'a]itie<.      The    dispersion    is    very 
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strong,  with  f>  >  v,  and  notable  horizontal  dispersion,  but  this  is  less  in 
some  occurrences.      * 

(+)  2£  =  65*'  to  I20« 

w„=i74i 
Wg  —  Hp  =  0.010  about  (0.007  to  0.016) 
Color  dark  gray  to  greenish  black.     The  pleochroism  is  very 
strong  and  characteristic.    It  varies  in  intensity  in  different  localities,  but 
is  always: 

Z  =  greenish    yellow 
Y  =  indigo  blue 
X  =  olive  green 
Incl.    Usually  rich  in  inclusions,  especially  of  grains  of  quartz, 
but  also  of  magnetite,  ilmenite,  rutile,  tourmaline;  and  in  ottrelite  carbo- 
naceous matter,  which  is  sometimes  regularly  distributed. 
Alter.    Alters  to  muscovite  and  penninite. 
Occur.     Found  only  in  crystalline  schists   where  it  is  some- 
times very  abundant 

DiAG.  Color,  pleochroism,  high  relief,  weak  birefringence, 
large  cptic  angle  (cf.  chlorites),  and  strong  dispersion  are  quite  charac- 
teristic. The  cleavages  are  numerous  but  not  micaceous;  the  cleavage 
lamellx  arc  not  elastic  nor  flexible;  the  specific  gravity  is  high. 

CHLOROPAL. 

MoNocLiNic?  Axial  ratio  unknown  H^Fej(SiO^)j-f2HjO? 

Phys.  Char.  Compact  massive,  resembling  opal;  also  earthy. 
Often  composed  of  microscopic  laminae  in  radiating  aggregaiies. 
Cleavage  distinct,  parallel  to  tht  lamination  001 ;  also  parallel  to  a 
prism  no  at  an  angle  of  63^-64^.  More  or  less  hygroscopic  Feel 
soapy  to  meager.  H.  =  1.-2.  in  variety  nontronite;  2.5-4*5  in  other 
varieties.  G.  =  2.1-2.35.  Gives  water  in  the  closed  tube.  Infusible. 
Partially  or  completely  decomposed  by  HCl. 

Opt.  Prop.  The  negative  acute  bisectrix  is  normal  or  nearly 
normal  tq  the  lamination;  the  elong^ation  is  always  positive.  The 
birefringence  is  strong,  n^ — np  =  0.020  at  least.  The  angle  of  the  optic 
axes  is  moderate,  2E  =  $5°^- 

Color  straw  yellow  to  greenish.  In  thin  section  the  pleochro- 
ism is  perceptible  with  Z  =  Y  =  yellow  to  greenish  yellow,  X  =  pale 
yellow    to   colorless. 

Occur.  Chloropal  is  an  alteration  product  found  in  some 
mineral  veins,  in  fractures  in  granite  rocks,  and  in  sedimentary  rocks. 
Rare. 

CHROMITE,  see  spinel  group. 

CHRYSOBERYL  (Cymophanc). 

Orthorhombic  a:b:c::  0.470 :  i :  0.580  Be Al^O . 

Phys.  Char.  The  axes  a  and  c  are  reversed  by  some  authors. 
Cleavage  imperfect  parallel  to  on  and  010.  Twinning  on  031  both  contact 
and  penetration ;  often  cyclic  giving  pseudohexagonal  forms.  H.  =  8.5. 
G.  =  3.5-3.84.     Infusible.     Insoluble  in  acids. 
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Opt.  Prop.    Th«r  pbne  of  the  optic  axes  is  parallel  to  oio;  the 
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Optical    orientation 
of  chrysoberyl. 


positive  acute  bisectrix  is  perpendicular  to  ooi. 
Dispersion  p  >  i*.  Heat  causes  the  optic  axes  to 
come  together  and  then  open  again  in  a  plane 
parallel  to  ooi. 

<-r)  2E  =  ^    43*  (2r  =  45*  »> 

iig  =  1.756     •!„  =  1.74S     Up  =  1.747 

"g—Wp  =  0.009 

Color  g^een  of  various  shades,  yellow, 

brown.     Colorless  in  thin  section.     Pleochroic  in 

ver>-   thick  sections  as   follows: — 

Z  =  emerald    green 

Y  =  orange  yellow 

X  =:  columbine   red 

OcrvR.     Rare.     Found  in  mica  slate  in 

the  Ural  mountains;  in  alluvial  deposits  in  Brazil 

and  Ce>-Ion :  in  granite  in  Xew  England. 

DiAG.  Ver\-  high  relief  with  weak  birefringence:  high  hardness 
?nd  specific  grravity:  infusibility  and  insiMubility. 

CHRYSOLITE,  see  olivine  group.  CHRYSOTILE,  see  serpen- 
tine group. 

Cinnabar    Group. 

The  minerals  of  the  cinnabar  group  cnkStaUize  in  the 
hexajjonal  system;  they  are  simple  sulphides  (or  arsenides, 
antinionides )  of  merciir>\  copper,  cadmium,  zinc,  nickel  or  iron. 
The  crystal  forms  differ  somewhat :  some  of  the  series  are  trap- 
tzohetlral,  and  (Others  are  simple  hexag^onal.  The  hardness 
ranj^os  troiii  2  to  4.  and  tlie  density  from  4  to  8. 

The  minerals  of  the  group  are  the  following: — 
Cinnabar  r=  I  145.^ 

Covellito  r  =  1-I4hf> 

Groenockite  1—0.03^4  or  0.8100 

Wiirtzito  r  =o.iH40  «r  0.8175 

Milleritt  r  =  0.(X^3 

Xioooliio  t-=  0.04(2  or  0.8104 

Rreithauptite  t-  =  o.cx)i5  or  0.858^) 

Pyrrlutito  r=  10047  '"'r  0.8701 


HgS 
CuS 
CdS 
ZnS 
XiS 
XiA^ 
XiSb 


CINNABAR. 

lll.X  \(.ONAL  t':i:i    1.1453  HgS 

Piivs.  l^n.\K.  i.Vy<tals  usually  thick,  tahular  or  rhomho- 
liodral  in  hahii :  traiKV^^hodral  faces  rare:  sometimes  prismatic, 
acicr.lar.  1^\  inning  on  0(X)i,  often  iiuorpenetrated  :  also  on  tijo. 
In  crystalline  crusts:  also  granular  to  earthy.  Qeavage  perfect 
loTo.  1 1.  ■-=  j.-j.;.  0.1=8.0-8.2.  W'hollv  volatile  hefore  the 
blowpipe. 
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Oirr.  Prop.  Uniaxial  and  positive.  The  refringence 
is  extraordinarily  high;  the  birefringence  extremely  strong; 
and  the  dispersion  is  remarkably  great.  Cinnabar  produces  cir- 
cular polarization. 

;/g  z=  3.201  Li     }ip  —  2.854  Li 

«g  —  "p  =  0-347- 
Color  bright  red,  brownish  red,  grayish  red.     Streak 

scarlet.     Luster  adamantine. 

Occur.  Occurs  chiefly  in  veins  in  shales  and  slates; 
rarely  in  veins  in  igneous  rocks ;  it  is  sometimes  formed  as  a 
result  of  solfataric  action  about  hot  springs.  It  is  often  associ- 
ated with  pyrite,  marcasite,  stibnite,  realgar,  calcite,  quartz,  opal, 
baritc,  fluorite,  and  bituminous  material. 

DiAG.  The  optical  properties  are  quite  characteristic. 
Also  distinguished  by  its  red  color  and  volatility. 

COVELLITE. 

Hexagonal  r  =  1.1466  CuS 

Phys.  Char.    Rare  in  hexagonal  crystals  horizontally  striated. 

Usually    massive.      Cleavage    perfect    1 1    0001 ;    flexible    in    thin    laminae. 

H.  =  1.5-2.     G.  =  4.59-4.63.     B.B.  bums,  giving  off  SO^,  and   fuses  to  a 

globule. 

Opt.   Prof.    Opaque.     The  deep  indigo  blue  color  in   reflected 

light  is  distinctive,  together  with  a  submetallic,  somewhat  resinous  luster. 
Occur.    Associated   with  other  copper  ores,  as  chalcocite  and 

chalcopyrite.     Sometimes  derived  from  the  alteration  of  chalcocite.     Rare. 

GREENOCKITE. 

Hexago.val  '  c  =  0.8109  CdS 

Phvs.  Char.  Crystals  hemimorphic,  short  prismatic;  com- 
monly in  crusts;  earthy.  Cleavage  distinct  ||  1120,  indistinct  ||  0001. 
H.  =  3.-3.5.  G.  =  4.9-5.  Gives  a  reddish  brown  coating  in  the  reducing 
flame.     Soluble  in  HCl. 

Opt-  Prop.  Uniaxial  and  positive.  The  refringence  is  extreme- 
ly high,  but  the  birefringence  is  weak,  n^  =  2.688.  Color  yellow  of  vari- 
ous shades. 

Occur.  Found  in  cavities  in  basic  igneous  rocks  with  preh- 
nitc.  but  more  common  in  regions  of  zinc  ores  in  small  amounts,  coloring 
sniithsonite  or  coating  sphalerite.     Rare. 

WURTZITE. 

HexaCpONal  r=:  0.8175  ZnS 

Phvs.  Char.  Cry.<^tals  hemimorphic,  short  prismatic  or  pyram- 
idal   in    aspect.      .Also    finely    fibrous    or    columnar,    massive.     Cleavage 
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easy  ||  1120,  difficult  ||  0001.  H.  =  3.5-4.  G.  =  398.  Difficultly  fusible, 
giving  a  zinc  coating.     Soluble  in  HCl. 

Opt.  Prop.  Uniaxial  and  positive.  Refringence  high;  birefrin- 
gence weak ;  n^  —  n^  =  0.020.  Commonly  lamellar  parallel  0001  to  fibrous 
with  negative  elongation.  Color  brownish  black.  Luster  resinous.  Fee- 
bly pleochroic  in  yellow  tints,  with  X  >  Z. 

Occur.  Found  with  other  zinc  ores  and  with  copper  and  silver 
ores  in  veins.    Rare. 

DiAG.  Distinguishable  only  by  the  optical  properties  from 
sphalerite  when  crystal  form  is  lacking. 

MILLERITE. 

Hexagonal  c  =  0.9883  NiS 

Phys.  Char,  Usually  in  acicular  to  capillary  crystals  (of 
rhombohedral  symmetry)  often  in  radiating  tufts;  also  in  fibrous  coat- 
ings. Cleavage  perfect  i|  ioi6,  0116,  1013,  and  01T3.  H.  =  3.-3.5.  G.  =  5-3- 
5.65.  Fuses  to  a  globule  B.B.  Reacts  for  Ni-;  also  often  traces  of  Co, 
Cu,  and  Fe. 

Opt.  Prop.  Opaque.  Color  brass  yellow  to  bronze  yellow, 
often  with  gray  iridescent  tarnish.  Streak  greeenish  black.  Luster  me- 
tallic and  color  pale  brass  yellow   in   reflected  light. 

Occur.  Found  in  cavities  in  veins ;  also  in  geodes  in  limeston.» 
with  calcite,  dolomite  and  fluorite. 

Niccolite  (NiAs)  is  closely  related  to  millerite.  Crystals 
rare ;  usually  massive,  also  reticulated.  H.  =  5--5-5-  G.  =  7'33-7-^7'  Fu- 
sible. Color  pale  copper  red,  with  dark  gray  tarnish.  Opaque  with  me- 
tallic luster.  Soluble  in  a(iua  regia.  Found  in  veins  with  cobalt,  silver 
and  copper  ores-     Rare. 

Breithauptite  (NiSb)  is  related  to  niccolite.  Crystals  thin 
tabular  hexagonal :  also  arborescent  or  massive.  H.  =  5.5.  G.  =  7.54. 
Color  light  copper  red  with  tinge  of  violet.  Luster  metallic,  splendent- 
Streak  reddish  brown.  Opaque.  Found  in  veins  with  calcite,  galena,  and 
smaltiic.     Very   rare. 

PYRRHOTITE. 

Hex.\GON.\L  6=0.8701  FCn^n  r/ 

Phys.  Char.  Crystals  usually  hexagonal  prisms  either  elon- 
gated II  c  or  in  flat  tablets.  The  mineral  usually  occurs  in  compact 
masses  more  or  less  granular.  Twinning  plane  jj  10" i  produces  twins 
with  the  vertical  axes  nearly  at  right  angles.  Cleavage  sometimes  distinct 
I'  0001,  difficult  1  rim  H.  =  3.5-4.5.  G.  =  4.6  (pyrrhotite)  to  4.S 
(troilite).  Unch?nged  in  the  closed  tube.  Gives  off  sulphur  in  the  open 
tube.  Fusible  to  black  magnetic  mass.  Soluble  in  HCl  with  liberation  of 
H^S.     Pyrrhotite  is  magnetic,  hut  to  a  very  variable  degree. 

OiT.  Prop.  Opaque.  Color  between  bronze  yellow  and  copper 
red.  darker  than  pyrite,  subject  to  tarnish.    Luster  metallic.     Streak,  gray- 
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ish  black.  Cleavage  usually  not  visible  microscopically.  Too  brittle  to 
take  a  good  polish.  Attacked  by  hot  hCl  (i  part  in  I  part  H^O),  while 
pcntlaiidite  is  not. 

Occur.  Pyrrhotite  is  found  in  basic  igneous  rocks,  and  much 
more  rarely  in  acid  types,  especially  nepheline  rocks.  It  also  occurs  in 
amphibolites  and  crystalline  schists.  Further,  it  is  found  in  rocks  pro- 
duced by  contact  metamorphism.  But  the  largest  masses  and  best  crystals 
are  found  in  metalliferous  ftins.  Finally,  it  occurs  in  meteorites;  in  stony 
meteorites  pyrrhotite  occurs,  in  iron  meteorites  troilite  occurs.  Troilite 
has  the  composition  FeS.  It  is  possible  that  these  two  are  identical; 
they  are  certainly  closely  related. 

DiAG.  Distinguished  from  pyrite  by  the  color,  the  crystal  form, 
the  density,  the  magnetism,  and  the  attack  by  HQ.  Distingfiiished  fron 
pentlandite  by  etching  with  HQ. 

CLAUDETITE,  see  valentinite.   CLINOCHLORE,  see   chlorite 
group. 

CLINOCLASITE. 

MoNOCLiNic  a:  6:  r::  1.Q07: :  1 :3.85i  Cu^(OH)3AsOj 

^  =  80°  30' 

Phys.  Char.  Crystals  prismatic,  elongated  ||  6  or  tabular  || 
GDI.  Often  roughly  grouped;  also  spherical,  reniform.  fibrous,  massive. 
Cleavage  perfect  ||  001.  H.  =  2.5-3.  0  =  4.19-4.36.  Fusible  at  2  with 
bluish  green  flam.e  color.     Soluble  in  HNOg. 

Opt-  Prop.  The  optic  plane  is  parallel  to  010;  the  acute 
bisectrix  X  makes  an  angle  of  about  -j-io°  with  c.  Optic  angle  large; 
slight  inclined  dispersion  with  p<^v  very  strong.  • 

(— )  2£=i34°  to  141**  Tl 

Color  blackish  blue-green  on  the  surface,  dark  green  to  sky  blue 
inside.     Streak  bluish*  green.    Luster  bright. 

Occur.  Found  with  copper  ores  often  in  cavities  in  quartz 
crystals.     Rare. 

CLINOHEDRITE,  see  calamine.  CLINOHUMITE,  see  humite 
group. 

Clintonite  Group. 

MoNOCLiNic  m(H2CaMg^Si;,Oio)+n(HoCaMgAloO,2) 

Com  p.  Chemically  there  is  a  series  of  minerals  quite 
closely  related  which  beginning-  with  the  micas  pass  through 
margarite,  the  clintonites.  and  the  chloritoids  to  the  chlorites. 
All  of  these  minerals  except  the  micas  and  the  chlorites  are 
sometimes  grouped  together  as  the  brittle  micas  because  their 
cleavage  lamellae  possess  neither  elasticity  nor  flexibility.  All 
the  brittle  micas  are  sometimes  placed  in  the  clintonite  group  in 
a  wider  sense  than  here  used. 
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Phys.  Char.  Micaceous  basal  cleavage  giving  brittle 
lamellae.  Twinning  according  to  the  mica  law.  Percussion  and 
pressure  figures  like  those  of  the  micas,  but  reversed  in  position 
so  that  the  pressure  figures  are  parallel  and  the  percussion  figures 
perpendicular  to  the  hexagonal  faces.    G.  ^  3.0-3.1. 

The  minerals  belonging  to  the  group  are  as  follows : — 

Xanthophyllite  *  Hg(Mg,Ca)j^Alj^Sijj05,? 

Brandisite  H^  (  Mg,Ca )  ^  Al^Si^O^g  ? 

Seybertite  H,  ( Mg,Ca  )  5  Al^Si^O^g  ? 

XANTHOPHYLLITE. 

MoNOCLixic  a:b:c::  0.577 :  i  -  3-244  H^  (Mg,Ca)  i4Alj^SijOjj  ? 

Phys.  Char.  Parameters  almost  the  same  as  those  of  biotitc 
Micaceous  basal  cleavage  with  brittle  lamellae.  Twinning  according  to 
the  mica  law  usually  polysynthetic.  Usually  in  tabular  crystals  simulating 
the  rhombohedron  and  base.  Percussion  and  pressure  figures  interchanged 
in  position  as  compared  w^ith  the  micas.  H.  =  4.5  on  001  and  5.5  on 
other  faces.    G.  =  3.0-3.1.    Infusible. 

Opt.  Prop.  The  plane  of  the  optic  axes  is  parallel  to  010; 
the  negative  acute  bisectrix  is  sensibly  perpendicular  to  001 — varies  32' 
from  perpendicular  position.  The  apparent  elongation  is  positive  with  sen- 
sibly parallel  extinction.  Weak  dispersion  with  p<Cv.  The  angle  of  the 
optic  axes  is  somewhat  variable,  but  not  large. 

(— )  2E  =  17*  to  32° 

n  .  :=  T.fVSl       M^  =  1.6^0      Wp  =  1.649 

n^ —  Wp  =  0.012 
Color  look  to  Kettle  jrrcen.     Pleochroism   usually   weak   in   thin 
section  as  follows: 

Z  =  green 
Y  =  green 
X  =  reddish  brown 

OociR.     Found  in  chlorite  schists  in  the  Ural  mountains. 

Pi  AG.  RrittV  cleavage  laminae,  the  position  of  the  percussion 
:v\k\  pressure  figures,  the  hardiness  and  the  infusibility  distinguish  this 
niiner.il  from  biotite  and  chlorite.  Differs  from  chloritoid  in  pleochroism, 
T'.cgative  sign  and  small  optic  angle.     Ven.*  similar  to  brandisite, 

BRANDISITE. 

MoNOvMiNK'  H,^(Mg.Ca),Al^Si^p.,J 

Tuvs.  Ch  VR.  Similar  to  xanthophyllite  in  physical  characters 
r^ua'.U  \\\  ^hort  !'e\.\gon.\!  pri<nis  limited  by  basal  planes.  G.  ^  3.0-3.1. 
U.       5.   or.  the  K\se:  c\--  on  other  faces.     Infusible. 

OiM\  rKO»\  TVe  plare  of  the  optic  axes  is  parallel  to  010; 
the   ••.e>.v.!i\  v'   .iv'i':e   b!<oc!r-.\   is   sev.siMy  ncrpenvlicular  to  001.     The  angle 
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CiO 


of    the    optic    axes    is    small.    The    ap-  BRANOISITC 

parent  elongation  is  positive  with  sen- 
sibly parallel  extinction.  Birefringence 
moderate.    Weak  dispersion  with  p  <  t^. 

(— )2£  =  i8*  to  35"* 

Color  yellowish  to  dark 
green,  rarely  reddish  gray.  Colorless  in 
thin  section:  in  thick  sections  pleo- 
chroism  as  follows: — 

Z  =  green 
Y  =  green 
X  =  brown 

Occur.  Only  known  in  cer- 
tain contact  rocks  of  Tyrol. 

DiAG.  Brittle  cleavage  lam- 
inae, the  position  of  the  percussion  and 
pressure  figures,  hardness  and  infusi- 
bility  distinguish  this  mineral  from  bio- 

•  

tite  and  chlorite.  Weaker  birefringence  than  biotite.  Differs  from  chlori- 
toid  in  absence  of  pleochroism,  negative  sign  and  small  optic  angle. 
Very  similar  to  xanthophyllite. 


Fig. 


4').  .   Optical      orientation 
of  brandlslte. 


SEYBERTITE. 

MoNoCLiNic  Hg(Mg,Ca)jjAljSi20jg  ? 

Phvs.  Char.     Similar  to  xanthophyllite  in  physical  characters. 
H.  =  4.-5.     G.  =  3.0-3.15.     Infusible. 

Opt.    Prop.     The  plane  of  the  optic  axes  is  perpendicular  to 
010  •    the   negative   acute   bisectrix    is    nearly   perpendicular   to   001.    The 
apparent    elongation     is     positive     with 
sensibly   parallel    extinction.    The  angle 
of  the  optic  axes  is  small,  but  variable. 
Weak  dispersion  with  p  <  v. 
(— )  2£  =  o**  to  20** 
tig  =  1.658     «„  =  1.657     fip  =  1.646 


«g  —  tip  =  0.021 


-O  2V-^TW£0r»> 

X 


010 


Cclor  reddish  brown,  yellow- 
ish, copper  red.  Luster  pearly  submc- 
tallic.  The  pleochroism  is  rather  weak 
in  section,  as  follows: — 

Z  ^  pale  brownish  yellow 
Y  =  pale  brownish  yellow 
X  =  colorless 

Occur.  Found  in  Orange 
Co.,  N.  Y.  in  limestone  with  serpentine.  #_ 

DiAG.  Similar  to  brandisite  in  distinguishing  characters.  Dif- 
fers from  xanthophyllite  and  brandisite  in  the  position  of  the  optic  plane, 
in  small  optic  angle,  and  in  pleochroic  colors. 


Figr.   46. 


Optical   orientation   of 
seybertite. 


COBALTITE,  see  pyrite  group. 
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COLEMANITE. 

MoNocLiNic  a\h\c\:  0.7748 :  i :  0.541  Ca^B^Oj^+SHjO 

Phys.  Char.  Crystals  usually  short  prismatic,  highly  modi- 
fied; also  in  forms  resembling  acute  rhombohedrons.  Massive  cleav- 
able  to  granular  and  compact  Cleavage  perfect  ||  010,  distinct  ||  001. 
H.  =  4. -4.5'  G.  =  2.42.  Decrepitates,  exfoliates,  and  fuses  in  part  with 
yellowish  green  flame  color.    Soluble  in  hot  HQ. 

Opt.  Prop.  The  plane  of  the  optic  axes  and  the  obtuse  bisec- 
trix are  normal  to  010;  the  positive  acute  bisectrix  makes  an  angle  of 
8l3'  with  c.  The  refringence  is  moderate,  and  the  birefringence  strong. 
The  angle  of  the  optic  axes  is  rather  large ;  dispersion  weak,  p  <  v. 

(+)  2^  =  55**  ao'  (2E:^95*  15') 
Mj  =  i.6i398Ka     «„  =  i.59202Na     n^  =  i.58626Na 

«g  —  »p  =  0.02772 

Colorless  to  white,  yellowish,  gray.  Luster  vitreous  to  ada- 
mantine.   Colorless  in  section. 

Occur.  Found  in  arid  regions  in  California  with  quartz  and 
strontianite.    Rare. 

COLUMBITE,  see  stibiotantalite.  COPPER,  see  gold   group. 

COPIAPITE. 


MoNOCLixic  a:b:c:: 0.479 :  i : 0.975  ^^^^5^21+ ^^^2^ 

P  =  72"*  3' 
Phys.  Char.    Crystals  tabular  ||  010;  usually  lamellar  aggre- 
gates, or  massive.     Cleavage  ||  010.    H.  =  2.5.    G.  ='2.1.     Soluble  in  cold 
H.,0;  heating  causes  precipitation  of  iron. 

Oi»T.  Prop.  The  optic  plane  is  normal  to  cio  and  nearly  paral- 
lel to  409;  the  acute  bistxrtrix  X  is  normal  to  010.  The  optic  angle  ij 
very  large.  2^  —  90°  it.  (2//=  111°  36'-ii4°  15').  »i^,  =  1.572.  «,„  = 
'547,  "p— 1.527,  w^—«p  =  0.052. 

Color  sulphur  to  citron  yellow.  Luster  pearly.  Pleochroic  in 
tl  ick  pl.'ites.  pale  yellow  to  colorless. 

Occur.  Found  with  copper  and  iron  vitriols;  usually  produce,! 
by   the   oxidation   of   iron    sulphide.     Rare. 

Amarantite  rFe.,S..O.^  -7ll,0)  is  chemically  related  to  copia- 
pite,  but  it  is  triclinic  with  a :  ^ :  c: :  0.769:  1 : 0.574  and  a  =  95°  38',  (3  = 
(.0°  24'  and  y  =  07**  13'.  Crystals  long,  prismatic,  vertically  striated : 
ir  columnar  or  bladed  masses.  Cleavage  perfect  ]!  100  and  010.  II.—- 
2.5.  G.  =  2.11-2.20.  Slowly  decomposed,  but  insoluble  in  cold  H^O. 
Optic  plane  inclined  alxnit  38**  to  c ;  extinction  in  the  +  direction  on 
100;  on  010  — 16°  to  — 17**  on  c.  Acute  bisectrix  X  approximately 
normal  to  100;  2E  -  63**  zh  Na.  Dispersion  p<iv,  strong.  Color  orange 
red.  browni>li  rod ;  pleocliroism  of  crystals  weak  on  100.  distinct  on 
010,  brownish  red  to  lemon  yelbnv.  Found  with  galena,  sphalerite,  chal- 
copyrite   in  coj^iapite.     Rare. 
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Carphosiderite  (Fe^S^O^j  +  loHgO)  is  chemically  related  to 
copiapite,  but  is  apparently  rhombohedral.  Usually  in  reniform  masses 
and  incrustation ;  also  lamellar.  Basal  cleavage  perfect.  H.  =  4.-4.5- 
G.=  2.49-2.73.  Feel  greasy.  Insoluble  in  H^O;  soluble  in  HCl.  Uniax- 
ial and  positive.  Birefringence  strong.  Color  pale  to  deep  straw  yellow. 
Luster  resinous.  Found  in  fissures  in  slate  and  sandstone,  probably  from 
oxidation  of  iron  sulphide.    Very  rare. 

COQUIMBITE.  ^ 

Rhombohedral  c  =1.561  Fe2(SO^)j+9H20 

Phys.  Char.    Crystals  short  prismatic,  or  rhombohedral.    Also 

granular  massive.    Twinning  on   001.     Cleavage   imperfect   ||    loio,   loTi, 

.imi  oiTi.     H.  =  2.-2.5    G.=^2.i.     Soluble  in  cold  H^O;  heat  precipitates 

iron.     Taste  astri^igent. 

Opt.   Prop-     Uniaxial  and   positive.     Refringence   low. 

»g=  1.5547    »p=  1.5455 
Wg  —  rtp  =  0.0092 

Color,  white,  yellowish,  brownish,  greenish,  amethystine. 

OccirR.  Found  in  large  masses  in  a  fcldspathic  rock,  appar- 
ently produced  by  the  decomposition  of  sulphides;  also  reported  about 
volcanoes.     Rare. 

Quenstedtite  [Fc.,(SO.).,  +  ioH„0]  is  chemically  related  to 
coquimbite,  but  it  is  monoclinic,  with  a:b:  c: 0.394 *  i  •  0.406  and  jg  =  78® 
8'.  Crystals  like  gypsum.  Cleavage  perfect  |1  010;  imperfect  ||  100 
or  no.  H.  =  2.5.  G.  =  2.12.  Soluble  in  H„0.  Optic  pl^ne  parallel  to 
010;  Xac  =  -4-2I^.  Color  reddish  violet.  Lu.<;ter  vitreous.  Found  with 
coquimbite.     Rare. 

CORDIERITE  (lolitc). 

Orth.         a:  &:  r::  0.5871 :  i :  0.5585  H2(Mg,Fe)4Al8SiioO:i7 

Phys.  Char.  Crystals  usually  short  prismatic  with 
basal   plane   prominent;   often   twinned   to   produce   pseudohex- 
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Tig.  47.  OpUcal  Plifs.  48  and  49.  IMafframs  of  bursal  sections  of  cordlerlte 
orientation  of  cor-  showing  two  modes  of  g^roupinsr  to  produce  pseudolicxagonal 
dlerlte.  forms  through  twinning  on  110. 
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ag<»ial  forms;  also  massive.  C\civ»%t  distinct  parallel  to  oio, 
indistinct  parallel  to  ic»  and  ooi.  When  partially  altered  the 
mineral  becomes  lamellar  parallel  to  ooi.  Twinning*  with  the 
twinning  plane  parallel  to  no  or  130  often  repeated  to  produce 
pseudohexagonal  forms;  sometimes  producing  polysynthetic 
bands  as  in  plagioclase.  H.  =  7.-7.5.  G.  =  2.60-2.66.  Fusible 
at  5.5.    Partly  decomposed  by  acids. 

Opt.  Prop.  The  plane  of  the  optic  axes  is  parallel  to 
100;  the  negative  acute  bisectrix  is  perpendicular  to  001.  The 
dispersion  is  weak,  with  p  <  v.  The  angle  of  the  optic  axes  is 
quite  variable  in  different  crystals,  and  may  even  vary  in  differ- 
ent parts  of  a  single  cnslal.  Heat  increases  the  optic  angle 
very  perceptibly.  The  indices  of  refraction  also  vary  in  cordier- 
ite  of  different  localities. 

^ — I  2r  ^  39'  to  84'  about 
Haddam.   Ct.  Color 

",=         1563  t.>« 

«.=         1.562  1.542 


■543- 


lodenmais 

Orijarvi 

1-546 

1.540 

1.541 

1.538 

i-33S 

1-534 

cot  I 

0.006 

84°  28 

77°  57' 

.According  to  Lacroix  »„  has  an  average  value  of  about 


Color  light  to  ilark  bhie,  smoky  blue.  Luster  vitreous. 
O'lor  and  ploociiroism  arc  u.sually  absent  in  thin  sections,  but 
when  present  the  plcochroism  \^  intense,  as  follows: — 


CORDIERITE,  167 

Z  =  clear  of  various  shades 

Y  =  dark  violet 

X  =  clear  yellow  tinted  with  green  or  brown 

Incl.  Cordierite  of  the  pliitonic  rocks  often  contains 
inclusions  of  sillimanite,  spinel,  staurolite,  zircon,  apatite  and 
dumortierite.  The  last  three  are  often  surrounded  by  pleochroic 
halos  which  may  occur  even  in  colorless  cordierite.  In  these 
halos  the  color  parallel  to  X  is  changed  to  deep  lemon  yellow, 
the  ref ringence  is  slightly  increased,  and  unlike  halos  in  other 
minerals,  the  birefringence  is  decreased.  The  halos  disappear 
at  red  heat. 

Cordierite  of  the  volcanic  rocks  contains  many  vitreous 
inclusions  of  secondary  origin  accompanied  by  octahedrons  of 
spinel,  magnetite,  etc.  Cordierite  in  schists  at  granite  contacts 
often  contains  carbonaceous  inclusions  regularly  distributed,  as 
in  andalusite. 

Alter.  Cordierite  alters  very  readily,  giving  rise  to 
many  products  of  varied  aspect,  which  have  received  many 
names.  These  secondary  products  consist  of  biotite,  muscovite, 
chlorite,  and  isotropic  substances.  Cordierite  when  altered 
chiefly  to  mica  with  development  of  basal  lamination  is  called 
gigantolite ;  if  the  lamination  is  lacking  the  name  pinite  is  applied. 
Similarly,  when  the  alteration  product  is  chiefly  chlorite  it  is 
called  chloropliyllite  when  the  basal  lamination  is  present,  and 
prasiolite  when  it  is  lacking. 

Occur.  Cordierite  is  found  in  acid  eruptive  rocks,  in 
gneiss,  in  schists  and  slates,  modified  by  eruptive  rock,  especially 
granite,  and  in  rock  inclusions  in  volcanic  rocks.  It  is  usually 
associated  with  quartz,  orthoclase,  albite,  tourmaline,  andalusite, 
sillimanite,  staurolite;  spinel,  garnet,  zircon,  etc. 

DiAG.  Distinguished  in  thin  section  from  quartz  and 
crthoclase  by  inclusions  (of  sillimanite,  staurolite,  etc.),  by  pleo- 
chroic halos  about  zircon  or  dumortierite,  and  by  the  mode  of 
formation  of  alteration  products.  Furthermore,  the  refringence 
of  cordierite  is  distinctly  higher  than  that  of  orthoclase,  and 
quartz  is  uniaxial.  Pleochroism  and  pleochroic  halos  are  char- 
acteristic, if  present.  But  perhaps  the  most  satisfactory^  diag- 
nostic is  the  symmetrical  extinction  in  twins  at  30**  from  the 
twinning  line  with  both  parts  of  the  twin  perpendicular  to  the 
negative  acute  bisectrix  (basal  section). 

CORUNDOPHILITE,   see  chlorite  group. 


s 
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CORUNDUM. 

Rhombohedral  c  =  1.363  AI2O 

Phys.  Char.  Crystals  usually  hexagonal,  pyramid- 
like  forms  and  the  base.  Angles  often  rounded.  Twinning 
plane  the  rhombohedral  face  loi  i ;  sometimes  penetration  twins, 
sometimes  polysynthetic.  Qeavages  absent;  but  parting  parallel 
to  0001  is  sometimes  perfect,  though  interrupted.  Parting  due 
to  twinning  parallel  to  loii  sometimes  also  present.  H.  =  9. 
G.  =  3.95-4.10.     Infusible.    Insoluble  in  acids. 

Opt.  Prop.  Uniaxial  and  negative,  but  often  showing 
optic  anomalies  consisting  of  biaxial  crystals  or  parts  of  crystals. 
The  optic  angle  is  usually  small  (2£  =  io**-i2*'),  but  sometimes 
larger  (2E  =  58**).  The  biaxial  character  is  distinct  in  crystals 
from  near  Bozeman,  Montana.  Birefringence  weak;  refringence 
high,  apparently  increasing  in  red  corundum  as  the  color  becomes 
darker. 

ng=:  1.7676  (sapphire)  17675   (ruby) 

"p=  17594  (sapphire)  17592  (ruby) 

i/g — «p  =  0.0082  (sapphire)  0.0083  (''ut)y) 

Color  blue,  red,  yellow,  brown,  gray,  nearly  white.  Pleo- 
chroism  very  distinct  in  deeply  colored  varieties;  ordinary  gray 
corundum  is  colorless  in  thin  section.  Usually  blue  or  gray  in 
rocks.    In  thick  plates, 

Z  =  blue 

X  ==  green  or  bluish  or  colorless 

Alter.  Alteration  products  include  muscovite,  spinel, 
cyanite,  sillimanite,  conmdophilite,  etc. 

Occur.  Usually  found  in  crystalline  metamorphic 
rocks  such  as  marble,  mica  or  chlorite  slate,  gneiss,  etc.  Also 
found  in  eruptive  rocks  and  in  rocks  metamorphosed  locally  by 
eruptives.     Also  in  stream  gravels. 

DiAG.  Distinguished  by  very  high  relief  and  weak  bire- 
fringence ;  also  by  its  form,  hardness,  specific  gravity,  and  insol- 
ubility. 

COVELLITE,  see  ^»tfi«e  group.  CRICHTONITE,  see  ilmcnite 
group.  CROCIDOLITE,  see  amphibole  group. 

CROCOITE. 

MoNOCLiNic  a:h:  c::  0.960 :  i :  0.916  PbCrO 

^  =  77""  33' 
Phys.  Char.     Crystals      usually     prismatic:      various     habits 
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known.  Also  imperfeclly  columnar  and  granular.  Cleavage  good  i| 
no,  indistinct  ||  Doi  and  100.  H.  =3,5-3.  G.  =  5.9-6.1.  Fuses  easily, 
deflaErales,  and  reduces  to  metallic  lead. 

Opt.  Prop.  The  plane  of  the  optic  axes  is  parallel  to  010; 
the  ijosilive  acute  bisectrix  makes  an  angle  with  e  of  S'/''  '">  the  obtuse 
angle  j8-  Refringcnce  extremely  high.  Birefringence  very  strong.  The 
angle  of  the  optic  axes  is  large ;  inclined  dispersion  very  marked  with 
p  >  V  weak.     Color  bright  red. 

(+)   2V  =  5A°  3'   (2ff  =  97') 


Occur.     Found  ir 
pyritc,   galena,   vanadinite,   f 


2.4a  ± 


1  gneiss  and  granite  with  gold, 


MoNOCUNic 


c:io.966:: 


Na,AlF. 


49 


Pkvs,  Chak,  Crystals  commonly  cubic  in  aspect  by  the  devel- 
opment of  001  and  no  since  ^  is  nearly  90°  and  a  and  b  are  nearly 
c(iual.  Also  massive,  cleavaUe.  Twinning  on  no  as  contact  twins  and 
also  as  lamellx  resembling  plagioclase ;  twinning  also  on  112  in  contact 
forms,  and  on  Tia  in  lamelli,  which  may  be  produced  by  heat;  twinning, 
further,  on  IQO  in  lamellje.  Cleavage  perfect  [|  001,  good  ||  no,  distinct 
1;  lot.  H.^2.5.  G.  =  2.9S-3.a  Fusible  at  2.  Soluble  in  H^SO^  with 
evolution  of  HF. 

Opt.  Prop.  The  plane  of  the  optic  axes  and  the  obtuse  bisec- 
trix are  normal  to  010;  the  positive  acute  bisectrix  makes  an  angle  of 
44=  with  c  (in  the  acute  angle  ^>.  The  CRYOUITE 

refringcnce  is  remarkably  low,  and  the 
birefringence  is  weak.  The  angle  of 
the  optic  axes  is  not  large;  axial  dis- 
persion   p<.V,    also    horizontal    disper- 


(+)   2E  =  59'  24' 

«^i.364Na 
Colorless  to  snow  » 
reddish,  brown,  black. 

Alter.    By  alteratii 
hydrous  fluorides  are  formed. 
lite    is    a    monoclinic     (a:b:i 
1:1532;   5  =  89°   40')    hydri 


Pachno- 

::  1.1626: 
i  fluoridp 


5  with  pyramidal  t 
II    00[    is   indistinct. 


of  aluminum,  sodium,  and  calcium 
(NaCaAlF^.HjO)  commonly  in  long  prisn 
and  rare  twinning  on  lOO,  The  clcavagi 
G.  =  2-93-3.0.  Optical  orientation  like  crynlite,  hut  7.t-.c  =  +68*  and 
2E=ri20°±;  horiiontai  dispersion  marked  with  p<v.weak.  Optically 
+.  Colorless  to  white.  Only  known  associated  with  cryolite.  Thom- 
senolite  is  also  monoclinic  fa:  fc;  (■::o.9075:  '  '■  i-0,i2<);  g  =  86'48'). 
with  the  same  coniposilion  as  pachnolite:  its  crystals  are  cubic  in  aspect, 
or  prismatic;  also  massive,  like  opal,  Clcav^.gc  perfect  ||  ooi.  imper- 
fect II   no.     H.  =  2.     G.  =  2.03-3,0.     Fuses  very  easily  with  much  deerepj- 
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tation.  Easily  decomposed  by  HgSO^.  Optical  orientation  as  in 
cryolite,  but  X  A  f  —  —  52°.  2E  —  6r>°  36' ;  dispersion  p<v  weak.  Optic- 
ally — .  Colorless  to  white  or  reddish.  Only  known  associated  with  cryolite. 
Prosopite  is  monoclinic  (or  triclinic)  with  0:^:^:1.3188:1:0.595  and 
p=z%S^  40';  formula  CaAlgCF.OH)^;  in  embedded  crystals  or  granular 
massive.  Crystals  sometimes  tabular  ||  010.  Cleavage  distinct  ||  211. 
H.  =  4.5.  G.  ■=  2.88.  Optic  axial  plane  1 1  010 ;  positive  acute  bisec- 
trix nearly  parallel  to  edge  of  pyramid  211.  Refringence  low,  birefrin- 
gence strong.  Qptic  axial  angle  large ;  dispersion  p  >  r  strong.  2V  =  62** 
45';  2JE  =  102°  50';  n^  =  1.502.  Colorless,  white,  grayish.  Found  with 
cryolite;  also  in  veins  with  tin  ores. 

Occur.  Found  in  large  amount  in  a  granite  vein  in  gneiss  in 
west  Greenland  associated  with  quartz,  fluorite.  siderite.  cassiterite,  gale- 
na, molybdenite,  etc.  Also  known  in  pegmatitic  quartz  and  microclinc 
with  zircon  near  Pike's  Peak.     Found  in  a  topaz  mine  in  the  Ilmen  Mts. 

Cryolithionite  (Na.^Li^Al^Fj2)  is  a  cryolite  with  half  the  sodi- 
um replaced  by  lithium.  Isometric:  cleavage  \\  no.  H.  =  2.5-3.  G.  = 
2.73.  Somewhat  soluble  in  H.,0.  Isotropic.  Refringence  very  low,  n  = 
i-3325Na.     Colorless.      Found    with    crj'olite    in    Greenland.      Very    rare. 

CUMENGfilTE.*  see  percylite.  CUMMINGTONOTE,  see  amphi- 
ite.  EPIDIDYMITE,  see  eudidymite. 

CUPRITE. 

Isometric  Cu.  O 

Phvs.  Char.  Crystals  commonly  octahedrons;  also  cubes  and 
dodecahedrons  often  nuich  modified.  .\lso  capillar>'  (chalcotrichite)  : 
granular,  massive,  earthy.  Cleavage  indistinct  l|  iii.  H.  =3.5-4.  G.  = 
5.85-6.15.     Fusible,  giving  green  flame  color.     Soluble  in  pure  H^SO^. 

Oi»T.  Prop.  Inotropic:  bright  red  in  thin  section;  refringence 
extremely  high.     Color   red.   usually  cixhincal   red. 

n  =  2.84Q. 

Alter.  Malachite  is  the  commonest  product  of  alteration ;  also 
native  copper,   azurite.  or  chr>'socolIa. 

Occur.  I'sually  in  vein«^  and  confined  to  the  upper  oxidized 
portion.  Also  in  cavities,  or  somewhat  disseminated.  Associated  with 
other  -ropiitr  minerals. 

ni.\G.  Distinguishd  from  other  minerals  of  similar  color  by 
the  isotropic  character. 

CUSPIDINE. 

MoNtHi  iNic  a:  b:  c::  0.724:  1 :  1.034  Ca.,SiO^   with    CaF^  "^ 

^  =  89**  22' 

Phvs.  Cii  \k.  Crystals  minute,  pyramidal,  commonly  twinned 
on  100.  Cleavage  distinct  !!  lOO.  H.  =  5.-6.  G.  =  2.85-2.86.  Fu-siblc  with 
diftioulty      Soluble  in  HXO... 

Oil.    pRor.     The    optic    plane    is    parallel    to    010;    the    acute 
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bisectrix  makes   an   angle   of  — sJ^**    with  c.    2£=iio°    Na.    Inclined 
dispersion  very  marked.    Color  pale  rose  red.    Luster  vitreous. 

Occur.    Found  in  rock  fragments  ejected  by  Vesuvius.    Very 


rare. 


CYANITE  (Disthcnc). 


Triclinic 


Al^SiO, 


a:b:  c:: 0.899 •  ^  •  0.697 
a  =  90"  23'  )8  =  100°  18'  y  =  106"  i' 
Phys.  Char.  Usually  in  long  bladed  crystals  rarely 
terminated.  Twinning  common  with  100  as  the  composition 
face  and  the  twinning  axis  either  perpendicular  to  100,  or  paral- 
lel to  100  and  001,  or  parallel  to  100  and  010.  Also  secondary 
twinning,  often  polysynthetic,  with  001  as  the  twinning  plane, 
usually  accompanied  by  parting  parallel  to  001.  Very  per- 
fect cleavage  parallel  to  100,  less  perfect  parallel  to  010.  Flexible 
and  often  bent  or  twisted.  Hardness  very  variable.  On  the 
cleavage  face  100  the  hardness  is  4.-5.  parallel  with  the  vertical 
axis  and  6.-7.  parallel  with  001 ;  on  the  face  010  the  hardness  is 
about  7.,  and  on  iio  it  is  even  greater.  G.  =  3.5-37.  Infusible. 
Gives  blue  color  with  cobalt  solution.     Insoluble. 

Opt.  Prop.    In  the  acute  angle  001  a  010  on  the  face 
100  the  trace  of  the  optic  plane  makes  an  angle  of  about  30°. 
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Fig.    52.  Fig.    53.   Diagram  Fig.  54. 

Optical  orientation    parallel    to    100    to        Diagram    parallel 

of     cyanlte     in     a    show     the    relative  to  100  to  show  the 

section    parallel    to    position  of  the  op-  relative   position  of 

100.  tic  planes  in  twins  the  optic  planes  in 

when  the  twinning  twins    when    the 

axis    is    normal    to  twinning  axis   is   h 

100.  or  c. 

The  negative  acute  bisectrix  is  perpendicular  to  loo.  The  relief 
is  very  high  and  the  optic  axial  angle  slightly  variable.  The  dis- 
persion (inclined  and  crossed)  is  very  weak. 
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(-^)  2V  ^  82°  to  84^ 

n,  =  1.728   Wm  =  1.720   Hp  =  I.712 
»g »p  =  0.016 

Color  blue,  white,  rarely  gray,  green,  black.  Streak 
uncolored.  Colorless  in  thin  section;  sections  0.5  mm.  to  I.  mm. 
thick  often  show  color  and  pleochroism  as  follows: — 

Z  =  dark  cobalt  blue 
Y  =  violet  blue 

X  =  colorless 

* 

Alter.  Cyanite  alters  very  readily  to  muscovite,  some- 
times accompanied  by  chlorite. 

Occur.  Found  exclusively  in  micaschists  and  pegma- 
tite veins  cutting  schists. 

DiAG.  Distinguished  microscopically  by  numerous  rec- 
tilinear cleavages,  high  relief,  rather  weak  birefringence,  and 
extinction  at  about  30°  from  the  vertical  axis*  in  sections  parallel 
to  the  cleavage  and  therefore  perpendicular  to  the  acute  bisec- 
trix. (The  parting  parallel  to  001  makes  an  angle  of  about  90® 
with  the  vertical  axis  in  the  cleavage  face) . 

CYANOCHROITE,  see  picromerite. 

CYANOTRICHITE  (Lcttsomite). 

Ortiiokhomdic  Axial   ratio  unknown  Cn.Al  (0H)_S0.-r2n„O 

Pjiys.    Char.     Crystals    capillary,    driisy ;    also    globular.     G.  r- 

2v4. 

Oi»T.  Prop.  The  optic  plane  is  parallel  to  the  elongation  and 
the  acute  bisectrix  X  is  normal  thereto.  Dispersion  p<Cv  strong.  Color 
smalt   blue   to   sky   blue.     Luster   pearly.     Strongly   pleochroic. 

Occur.     Found    with    copper   ores.     Rare. 
DANBURITE. 


Orthoruombic  a:  t :  r:  :o.544:  1 :  0481  CaB^(SiO  ).. 

Phys.  Char.  Crystals  usually  pri'^matic.  Cleavage  in  traces 
'1  001.  Irregular  fractures  numerous.  H.  =  7.  G.  =  2.98-3.02.  Fuses 
readily,  giving  a  green  flame  color- 

Opt.  Prop.  The  plane  of  the  optic  axes  is  parallel  to  001  ; 
the  acute  negative  bi<;ectrix  is  perpendicular  to  010  for  red.  yellow  and 
green  light,  hut  on  account  of  strong  dispersion  of  the  axes  the  bisectrix 
i'^  positive  :ind  pcri)en(licular  to  (lOo)  for  blue  light.  Dispersion  is  p<Cr 
about   X. 

(-  )   2r'  --  88'^  2^-88°  2o'Na  2//  -  too°  2o'-ioi°  45'Na 
(-    )   2r-rr87^v'-«'^«^°4T.i  2//-gq^-ioinj 
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(— )  2V  =  89°  14  Tl  2H  =  102°  48'Tl 
(+)   2^  =  89°  4'-85^  36'Cu:>0^  2/^  =  ioi°-i03' 
CuSO^ 

Li  Na 

iig  =  1.6331    1.6363 


/oo 


CuSO. 


n„=  1.6303    1.6337 
Wp  =  1.6258    1. 63 1 7 


OfO 


Fig.   55. 
Optical  orientation 
of  danburite. 


Tl 

1.6393 
1.6366  1.646 

1.6356 

iij  —  tip  =  0.0073    0.0046    0.0037 

Color  pale  wine  yellow  to  colorless,  dark 
yellow,  yellowish  brown.  Luster  vitreous  to  greasy. 
Streak  white.  • 

Occur.     Rare.      Found    in    metamorphic 
rocks  usually. 

DiAG<  Very  large  optic  angle,  strong  dispersion  and  weak  bi- 
refringence; also  fusibility  with  green  flame,  and  crystal  form. 

Datolite  Group. 

The  datolite  group  consists  of  a  number  of  basic  orthosilicates 
of  boron,  aluminum,  or  yttrium,  with  calcium,  iron  or  beryllium,  which 
crystallize  in  the  monoclinic  system.  The  minerals  are  similar  in  their 
crystal  habit,  lack  of  good  cleavage  (except  euclase)  and  some  other 
physical  characters.  They  usually  occur  in  veins  or  cavities  in  crystalline 
rocks. 

The  minerals  of  the  group  are  as  follows: — 
Datolite  a:  6:  r:  10.6345:    i :  1.2657  ^  =  89**  51'    Ca(BOH)SiO^ 

Homilite         a:h:c::o.62A9:    i :  1.2824  ^  =  89**  21'    Ca.FerBO)  JSiO^^ 
Euclase        2a:b'.^\: 0.6474 :  1  :  1.3330  p  —  79**  44'    Be"( AlOH) SiO , 
Gadolinite     a:  fe:  4r: : 0.6273:  1:1.3215  B^^""  26J/:/ Be  Fe(YO).,(SiOJ, 


DATOLITE. 

Monoclinic  a:b:c::  0.6345  '•  i  •'  12657 

i8  =  89°  51' 

Phys.  Char.  Usually  in  prismatic  crystals 
with  basal  planes  or  in  highly  modified  pyramidal 
forms.  No  distinct  cleavage.  IT.  =  5.-5.5.  G.  =  2.Q- 
3.0.  Gives  water  in  the  closed  tube.  Fuses  readily 
with  intumescence  to  a  clear  glass  coloring  the  flame 
green.     Gelatinizes  with  HCl. 

Opt.  Prop.  The  plane  of  the  optic  axes 
is  parallel  to  010;  the  negative  acute  bisectrix  is 
nearly  perpendicular  to  100;  it  makes  an  angle  of  86** 
to  89*  in  the  acute  angle  p  with  the  vertical  axis  in 
crystals  from  different  localities.  The  angle  of  the 
optic  axes  is  large  and  the  relief  considerable. 
Weak  inclined  dispersion,  with  p  >  v  distinct. 

(— )   2^  =  75**  to  y^i"" 
n,=  1.670    «„  =  1.653 

«K— ^D  =  0.044 


Ca(BOH)SiO^ 


001 


/OO 


«p  —  1.626 


Fig.  56. 
Optical  orientation 
of  datolite. 
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Color  white,  sometimes  grayish,  greenish,  yellow,  red,  rarely 
dark  green.     Streak   white.     Colorless   in   thin   section. 

Occur.  Always  secondary;  often  associated  with  zeolites  in 
basic  igneous  rocks;  less  common  in  acid  rocks  and  mineral  veins. 

DiAG.  Optic  properties,  crystal  form,  presence  of  boron  and 
absence  of  aluminum,  fusibility,  gelatinization. 


HOMILITE. 


MONOCLINIC 


a:&:c::o.6249: 1:1.2824  Ca2Fe(BO)2(SiO^)j 

)5  =  89"  21' 

Phys.   Char.    In   crystals  often  tabular    i|    001    or  apparently 

octahedral  by  development  of  no  and  012  or  no  and  In.    Twins  with 

001     as     twinning     plane.    Qeavage     indistinct.    H.  =  5.    G.  =  3.28-3.34. 

Fuses  readily  to  a  black  glass.     Soluble  in  HCl  with  gelatinization. 

Opt.  Prop.     The  plane  of  the  optic  axes  is  normal  to  010  and 
the  positive  acute  bisectrix  is  nearly  parallel  to  c.    The  angle  of  the  optic 


HOMILITE 


oot 


too 


Fig.  57.     Optical  orientation  of  homilite. 

axes  is  large.     Dispersion  distinct  p  >  f.  with  very  strong  horizontal  dis- 
persion of  the  bisectrices. 

(-r)    2F  =  8o*' 

n  —  1.678 
Mg  —  Mp  =  0.021 
CoKt  black  or  dark  brown.     Xo   distinct  plcochroism   in   thin 
sections.     In  thick  sections  the  plcochroism  is: — 

Z  ■—  deep   smoky   gray   or  brownish   yellow 
Y  r=  deep  brownish  red 
X  =  bluish  green. 

Absorption   visible  in  thick  sections  : —  Y  >  X  >  Z. 

Ai.TF.R.  Homilite  alters  easily  to  an  amorphous  isotropic  sub- 
stance. In  many  cases  an  exterior  altered  amorphous  zone  will  enclose 
.m  unaltered  birefringent  center.  The  former  is  yellowish  and  the  latter 
v;!i"onish   in  thin   sectivnis. 

(>rriR.     Found  in  veins  in  syenite  in  Xorway.     Rare. 

Pi  AG.  .\niorphous  alteration  products,  high  relief,  no  cleav- 
av:o.   gtiinisli   ^:o\ox  and   no   plcixrhroism   in  thin   section.     Chemically  test 
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EUCLASE. 


MONOCLINIC 


Be(A10H)SiO^ 


EUCLASE 


2a:b:4c::  0.6474 :  i  - 1-3330 

p  =  79"  44' 

Phys.  Char.  Only  found  in  crystals;  habit  prismatic,  but 
variable  on  account  of  the  multitude  of  planes  occurring.  Cleavage  || 
010  highly  perfect ;  1 1  100  and  001  difficult.  Elongated  parallel  to  c.  H.  = 
7.5.     G.  =  3.0-3.1.     Fusible  at  5.5.     Insoluble. 

Opt.  Prop.  The  plane  of  optic  axes 
is  parallel  to  010;  the  positive  acute  bisectrix 
makes  an  angle  of  about  41°  with  the  vertical 
axis  in  the  obtuse  angle  p.  It  therefore 
makes  an  angle  of  only  8°  ±:  with  the  trace 
of  loi  in  010. 

(+)    2F  =  50**d:     2£  =  88°   40' 

ng  =  1.671     «m  =  1 .655     «p  =  I  -652 

n^  —  tip  =  0.019 

Colorless,  pale  green.,  blue,  white. 
Streak  colorless.  Colorless  in  thin  section; 
sometimes  distinctly  pleochroic  in  thick  plates, 
usually  greenish,  bluish,  and  colorless,  but  the 
orientation  of  the  colors  varies  in  different 
crystals. 

Occur.  Found  in  chlorite  schists 
with  topaz,  etc.    Rare. 

DiAG.  Crystal  form,  perfect  cleavage,  positive  elongation  with 
very  large  extinction  angle,  high  relief  and  association  with  topaz  are 
distinguishing  characters.    Also  presence  of  beryllium. 


/iPO 


Fig.    58.    Optical    ori- 
entation of  euclase. 


GADOLINITE. 


MONOCLINIC 


Be2Fe(YO)^(SiO,)^ 


GADOLINITE 


00/ 


a:b:4c::  0.62726 :  i :  1.3215 
^  =  89°  ^6/.' 

Phys.    Char.    Crystals    rough,    prismatic,    terminated    by    the 
base  or  by  acute  pyramids.     No  cleavage.     Fracture 
conchoidal    or    splintery.     H.  =  6.5.-7.      G.  =  4.-45. 
Soluble  with  gclatinization  in  HCl. 

Opt.  Prop.  The  optic  plane  is  parallel  to 
010;  the  positive  acute  bisectrix  Z  makes  an  angle 
with  c  of  4°  to  8"  in  the  green  mineral,  and  12°  to 
13*'  in  the  brown  mineral  in  the  acute  angle  p. 
Strong  dispersion  with  p<v.  Refringence  high; 
birefringence  normally  strong,  but  often  variable 
even  in  a  single  crystal,  and  in  many  cases  wholly 
absent,  the  crystals  being  amorphous. 

(-f)  2^  =  85**  2// =  io5"-io6«> 

Color     black,     greenish     black,     brown. 
Streak  greenish  gray.     In  thin  section  bottle  green      orientation  of^gad- 
or  brownish  without  perceptible  pleochroism.  oUdUc 
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Alter.  Alteration  results  in  variable  birefringence,  and  finally 
the  amorphous  state. 

Occur.  Found  chiefly  in  pegmatite  veins  often  associated  with 
fluorite.     Rare. 

DiAG.  Variable  birefringence,  high  relief,  no  pleochroism  in 
thin  section,  no  cleavage,  large  optic  angle,  and  presence  of  rare 
earths.     Associated  minerals  aid  in  identifying  this  mineral. 

DAWSONITE. 

MoNOCLiNic?  Axial  ratio  unknown  Na[Al(OHj)]COj 

Phys.  Char.  Crystals  bladed,  radiating;  in  crusts.  Good 
longitudinal  cleavage.  H.  =  3.  G.  =  2.4.  Gives  deep  yellow  flame  color 
and  swells.    Effervesces  with  acids. 

Opt.  Prop.  The  optic  plane  is  normal  to  the  elongation  and 
nearly  normal  to  the  cleavage.  The  birefringence  is  strong.  Optic  angle 
large.    Color  white.    Luster  vitreous. 

Occur.  Found  as  a  coating  resembling  tremolite  on  joint 
planes  of  a  feldspatbic  dike  cutting  limestone;  also  in  quartzose  and  ar- 
gillaceous rocks ;  commonly  associated  with  calcite.  dolomite,  pyrite.  Very 
I  are. 

DELESSITE,  see  chlorite  group.    DESCLOIZITE,  see  olivcnite. 
DEWEYLrtE,  see  serpentine  group. 

DIAMOND. 

Isometric  C 

Phvs.  Char.  Crystals  commonly  octahedrons,  dodecahedrons; 
also  cubes,  tetrahedrons,  and  modified  forms;  faces  usually  curved,  and 
often  striated.  Twinning  on  in  common,  both  contact  and  penetration 
t>'pes ;  also  on  001.  Also  in  anhedral  shapes,  spherical,  irregular.  Some- 
times radir.ted.  Cleavage  perfect  l|  in.  H.  =:  10.  G.  =  3.2-3.52.  In- 
fusible.    Insoluble  in  acids  and  alkalies. 

Opt.  Prop.  Usually  isotropic.  Rcfringence  extremely  high. 
Soinctiiiios  shows  abnormal  birefringence,  which  may  be  in  regular  areas 
or  localized  al)out  inclusions;  rarely  distinctly  uniaxial.  Dispersion  very 
^ironjj. 

11  =  2.4i35Li.     n  =  2.4i95Na.     n  =  2.4278TI. 

Colorless,  white,  yellow,  orange,  red.  green,  blue,  brown,  black. 
Luster  adamantine.  In  thin  section  transparent  to  nearly  opaque,  but 
liot  pleochroic. 

Incl.  Inclusions  are  gaseous  or  solid:  often  carbonaceous  and 
abundant,  thus  Riving  color. 

Occi'R.  Found  in  alluvial  deposits  associated  with  heavy  min- 
erals; also  in  (juartz  conglomerate,  in  itacolumite,  and  in  a  peculiar  peri- 
dotite  called  kiniberlite.  Also  found  in  glacial  drift.  Also  known  in  a 
few  meteorites. 

Di  \G.  The  hardness,  adamantine  luster,  and  insolubility  are 
quite  disiinetive.  Rarely  found  in  thin  sections,  even  of  diamondiferous 
rf^ck^.  because  not  polished  by  ordinary  processes. 
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DIASPORE 


oa^ 


Diaspore  Group. 

This  is  a  group  of  hydroxides  of  trivalent  elements. 
The  minerals  are  all  orthorhombic  and  similar  in  physical  char- 
acters, and  are  to  be  considered  isomorphous  in  spite  of  consid- 
erable variation  in  the  axial  ratios. 

Diaspore  a'.h:c:\ 0.9372 :  i : 0.6039  AlgOj^.H^O  or  AlO (OH) 

Goethite  a:h:c:\ 0.9185 :  i : 0.6068  Fe^O^.HjO  or  FeO (OH) 

Manganite  a:h:c''. 0.8441 :  i : 0.5448  Mn.,O^.H^O  or  MnO(0H ) 

DIASPORE. 

(Orthorhombic  a:b:  c:  0.937 :  i : 0.604  AIO(OH) 

Phys.  Char.  Crystals  prismatic,  but  usually  flattened 
il  010.  More  commonly  in  lamellar  masses.  Cleavage  perfect 
I!  010,  less  perfect  ||  210.  H.  =  6.5-7.  G.  =  3.3-^.5.  Insoluble 
in  acids;  soluble  in  sulphuric  acid  after  calcination. 

Opt.  Prop.    The  plane  of  the  optic  axes  is  parallel  to 
010  and  therefore  parallel  to  the  easy  cleavage.     The  positive 
acute  bisectrix  is  perpendicular  to  100.   Weak 
dispersion  with  p  <  v.     Relief  high  and  bire- 
fringence strong. 

(  +  )   2^  =  84^20' 

Hg  =  1.750      flta  =  1.722       lip  =  1.702 

fig  —  np  =  0.048 

Color  white,  gray,  greenish,  brown, 
yellowish,  colorless.  Colorless  in  thin  section ; 
slightly  pleochroic  in  thick  sections  in  blue  and 
green  tints. 

Occur.  Often  associated  with  cor- 
imdum :  also  found  in  volcanic  rocks  with  al- 
unite:  also  in  various  schists. 

Bauxite  is  considered  by  Lacroix  to 
be  a  rock  rather  than  a  mineral.  He  points 
out  that  the  composition  is  quite  variable  from  AloO:,.3H^O  to 
AljOa-HoO  (at  least)  and  that  microscopical  examination  shows 
that  bauxite  is  always  colloidal.  Bauxite  is  often  composed  of  a 
mechanical  mixture  of  colloidal  aluminum  hydrate  with  colloidal 
ferric  hydrate  and  clay,  and  quartz  sand.  It  often  contains  large 
amounts  of  silica  and  ferric  iron,  and  sometimes  considerable 
titanium  oxide,  phosphoric  acid,  etc. 

Whatever .  the  character  of  bauxite,  it  is  important  as 
a  source  of  aluminum.     There  are  two  varieties,  the  white  and 
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the  red.  The  red  varieties  grade  into  limonite  iron  ore  of  such 
importance  that  attempts  have  been  made  to  use  it  commercially. 
Bauxite  is  found  in  compact  or  earthy  masses  or  in  concretionary 
masses.  It  is  rarely  absolutely  white,  but  varies  from  white 
through  gray  and  yellow  to  brown  and  red. 

Bauxite  may  be  distinguished  from  clay  since  it  does 
not  make  a  paste  with  water  and  is  attacked  by  alkalies. 

DiAG.  Diaspore  is  characterized  among  the  lamellar 
minerals  by  the  position  of  the  optic  plane  parallel  to  the  cleavage 
and  by  the  strong  birefringence;  also  by  insolubility,  hardness 
and  specific  gravity. 

GOETHITE. 

Orth.  a:  fc :  c::  0.9185.  1 : 0.6068  Fe;©,-!!,©  or  FeO(OH) 
Phys.  Char.  In  prismatic  crj'stals  vertically  striated 
or  in  scales  or  tables  flattened  | !  010,  or  more  rarely  1 1  100.  Also 
fibrous,  lamellar  or  compact.  Perfect  cleavage  1 1  010,  difficult  j| 
100.    H.  =:  5.-5.5.    G.  =  4.0-44.    Soluble  in  HQ. 

Opt.  Prop.  The  optic  plane  is  parallel  to  100  for  red, 
and  parallel  to  001  for  yellow  and  green.  The  acute  bisectrix, 
perpendicular  to  the  cleavage  010,  is  negative  for  all  colors.  The 
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Fi??s.  rtl  and  62.     Optical  orientation  of  goethlte  for  the  blue  and  red  ends  of 

the   spectrum   respectively. 

ilispersli^n  is  extremely  strong  p  <  v,  recalling  that  of  brookite, 

but  the  latter  is  reversed  (p  >  v.)     The  elong^ation  is  positive, 
red                            yellow  green 

(-)  2£  =  5S'  31'  '36'  46'  67°  42' 

n  =  2o  about 

fig — «p=:  0.134 
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Color  brown,  yellowish,  reddish.  Streak  yellow.  In 
thin  section  the  absorption  is  intense  with  Y  >  X  >  Z,  and  the 
pleochroic  colors  are:r- 

Z  =  clear  orange  yellow 
Y  =  brownish  yellow 
X  =  brown 

Occur.  Usually  associated  with  hematite  or  limonite; 
also  found  as  inclusions  in  quartz  and  feldspars. 

DiAG.  Distinguished  from  limonite  by  presence  of  crys- 
tal forms,  by  relatively  small  optic  angle  and  by  its  abnormally 
strong  dispersion.  Hematite  is  uniaxial  and  hexagonal.  Goethite 
is  distinguished  from  lepidocrocite  by  its  abnormally  strong  dis- 
persion, by  its  relatively  small  optic  angle  and  by  differing  pleo- 
chroic and  absorption  formulas. 

MANGANITE. 

Orthorhombic       a:b:  c: 0.8441 :  i : 0.5448       Mn^Oj.H^O  or  MnO(OH) 

Phys.  Char.  Crystals  usually  show  many  faces;  striations 
parallel  to  macro-axis  common.  Also  fibrous,  lamellar,  columnar  or  stal- 
actitic.  Twinning  on  on  either  of  contact  or  penetration  type.  Perfect 
cleavage  ||  010  and  no.  H.  =  4.  G.  =  4.2-4.4.  Infusible.  Soluble  in 
HQ. 

Opt.  Prop.  Opaque  except  in  very  thin  sections  which  are 
brown.  Optic  plane  parallel  to  001 ;  the  negative  acute  bisectrix  perpen- 
dicular to  the  cleavage  010.  Dispersion  very  strong,  p  >  z/.  The  optic 
angle  is  small.     Birefringence  strong. 

Color  steel  gray  to  iron  black.  Luster  submetallic.  Streak 
dark  reddish  brown.  In  thin  section  pleochroism  distinct  in  brown  col- 
ors; absorption  formula  apparently  the  same  as  that  of  goethite. 

Alter.  Alters  readily  without  loss  of  form  or  luster  to  an- 
hydrous pyrolusite. 

Occur.  Found  in  metalliferous  veins  and  rarely  in  sedimen- 
tary rocks. 

DiAG.  Among  manganese  minerals  manganite  is  distinguished 
by  its  crystal  form,  its  easy  cleavage,  its  frequent  fibrous  or  lamellar  state, 
and  its  streak.    The  color  differs  from  that  of  goethite. 

DIHYDftlTE,  see  pseudomalachite.   DIOPSIDE,   see   pyroxene 

RTOUP. 


i8o 


OPTICAL  MINERALOGY. 


DIOPTASE. 


Rhomboheural  c  —  0.534  HjCuSiO^ 

Phys.  Chak.  Crystals  prismatic;  sometimes  rhombohedral ; 
crystalline  aggregates;  massive.  Cleavage  perfect  !|  loTi.  H.  =  5.  G.  = 
3.26-3.35.  Infusible,  but  gives  emerald  green  flame  color.  Gelatinizes 
with  HCl. 

Opt.  Prop.  Uniaxial  and  positive.  Birefringence  strong.  But 
the  mineral  is  frequently  biaxial  with  rather  large  optic  angle  (2V  =  43' 
max.)  ;  the  uniaxial  condition  and  apparent  rhombohedral  symmetry  seem 
to  be  due  to  submicroscopic  groupings  of  orthorhombic  individuals  in 
which  the  optic  plane  is  parallel  to  the  shorter  lateral  axis  and  the  acute 
bisectrix  Z  is  normal  to  001. 

Hg  =  1.697      «p  =  1.644 
♦»p  —  «p  =  0.053 

Color  emerald  green.  Streak  green.  Luster  vitreous.  In 
thick  sections  the  pleochroism  is  distinct  with  maximum  absorption  par- 
allel to  X. 

Occur.  Found  with  copper  ores  chiefly  in  veins,  Often  with 
limonitc  and  cuprite. 

DIPYRE,  see  scapolitc  group.     DOLOMITE,  see  calcite  group. 

DUMORTIERITE. 

Orthorhombic  o:&:  c:  :o.4448:  i  .-0.6871  H(BO)  (A10)^Al(SiO^)3 
Phys.  Char.  Usually  in  fibrous  or  columnar  aggregates. 
Twinning  with  no  as  the  twinning  plane,  often  forming  trillings;  also 
interpenetrated.  Cleavage  distinct  ||  100,  imperfect  ||  no.  Parting  some- 
times developed  |;  001.  H.  =  7.  G.  =  3.26-3.36.  Infusible.  Insoluble 
even  in  hydrofluoric  acid. 

Opt.  Prop.  The  plane  of  the  optic  axes  is  parallel  to  010; 
the  negative  acute  bisectrix  is  perpendicular  to  001.  In  the  twins  the 
optic  planes  in  contiguous  individuals  make  angles 
of  about  60*'  with  each  other.  The  angle  of  the 
optic  axes  has  not  been  accurately  measured.  The 
dispersion  is  strong  with  p  <C  v. 
(— )  2F  =  35^  to  40**  (2E  =  37 °Na  — California) 
tig  =1.689     njj^=  1,686    Wp^  1.678 


DUMORTIERITE 

OOJ 


«^  — ftp  =  0.011 


Color  bright  smalt  blue  to  greenish  blue. 
Luster  vitreous-     In  thin  section  the  pleochroism  is 
extremely  strong,  as  follows: — 
Z  —  colorless  or  very  pale  blue 
y  ^-  colorless  or  very  pale  blue 
X  —  cobalt  blue  or  violet    (or  pink,  or  green). 
The   pleochroic   colors   parallel   to   X   are 


fOO 


Fig.    63.      Optical 


quite  variable  even  in   a  single  crystal,  and  may  be    orientation    of  du- 

brown.    red,   purple   or    salmon    pink.      Unlike   tour- 
maline the  maximum  absorption  occurs  parallel  to  the  vertical  axis  (and 
elongation  of  the  fibers). 


DUMORTIERITE—EPIDOTE  GROUP,  i8i 

Pleochroic  halos  are  found  about  inclusions  of  dumortierite  in 
cordierite. 

Alter.    Alters    rather   easily   to   a   mica,   probably   muscovite. 

Occur.    Found  only  in  gneiss  and  in  pegmatite.     Rare. 

DiAG.  The  intense  pleochroism  and  also  the  absorption  par- 
allel to  elongation,  are  quite  characteristic.  Further,  the  mineral  is  in- 
soluble in  HF. 

DURANGITE,   see   amblygonite.   EDINGTONITE,   sec   zeolite 
group. 

ELPIDITE. 

Orthorhombic  o:  6 :  c : :  0.512 :  1 : 0.978  Na^ZrCSi^Og) ^ 

Phys.  Char.  Crystals  prismatic;  usually  massive,  fibrous  or 
columnar.    H.  =  7.    G.  =  2.52-2.59. 

Opt.  Prop.  The  optic  plane  is  parallel  to  010;  the  acute  bisec- 
trix Z  is  normal  to  100.  Dispersion  pKv  distinct.  Color  white  to  brick 
red. 

(+)  2^^  =  75**  12'Na 
«g  =  I  •5739Na    n^  =  i  •565oNa     «p  =  i  .56ooNa 
n^  —  np  =  o.oi39Na 
Occur.    Found  in  southern  Greenland.    Very  rare. 

ENSTATITE,  see  pyroxene  group.  EOSPHORITE,  see  children- 
ite.     EPIDIDYMITE,  see  eudidymite. 

Epidote  Group. 

The  epidote  grotip  includes  a  number  of  basic  ortho- 
silicates,  one  of  which  is  orthorhombic,  while  the  others  aro 
monociinic.     The  species  are: — 

Orthorhombic 
Zoisite  Ca^AI^CAlOH)  (SiO,), 

MONOCLINIC 

Fouqucite  Ca..Ar.,(A10H)  (SiO^), 

Epidote  Ca,(Al,Fe);(A10H)  (SiO^., 

Piedmontite   •  Ca,l;Al.Mn);(AIOH)  (SiO^), 

Allanite  (Ca,Fe)2(Al,Ce,Fe)J(A10H)  (SiO^)^ 

There  is  undoubtedly  a  continuous  series  of  isomorphous  com- 
pounds from  fouqueite.  practically  free  of  iron,  to  epidote  in  which  the 
iron  runs  as  high  as  seventeen  or  eighteen  per  cent  (Fe^O.^)  correspond- 
ing to  the  ratio  Al :  Fe : :  3 :  2.  Epidotes  still  richer  in  iron  have  not  yet 
been  found.  With  this  increase  in  iron  content  the  refringence.  the  bire- 
fringence, and  the  optic  angle  about  Z  increase,  the  latter  being  obtuse 
and  the  mineral  therefore  negative  when  the  Fe.,0,  exceeds  about  six 
per  cent. 
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ZOISITE. 

Orthorhombic  a:  6:  c::o.62o:  1  :o:343  CajAlj(A10H)(Si04), 
Phys,  Char,  Crystals  usually  prismatic,  deeply  stri- 
ated vertically.  Also  in  lamellar,  fibrous  or  compact  masses, 
Qeavage  perfect  parallel  to  oio,  very  difficult  parallel  to  lOO. 
Microscopic  twinning  common,  sometimes  in  polysynthetic  bands 
like  plagioclase ;  it  is  claimed  by  some  writers  that  the  variations 
in  optical  characters  are  to  be  explained  by  this  twinning,  and 
that  the  mineral  is  probably  monoclinic.  H.  :^6.  G.  ^  3.25- 
3.36.     Fusible  with  swelling  at  about  3.     Insoluble. 

Opt.  Prop.     The  positive  acute  bisectrix  is  perpendic- 
ular to  100,  the  optic  plane  is  parallel  to  010.    The  angle  of  the 
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Fig.  (.4.    Optical 

optic  axes  is  variable  even  in  a  single  crystal;  it  increases  rapidly 
with  increase  in  temperature.  The  dispersion  is  very  strong  with 
p<v. 

{  +  )  2V  —  51°  about 
iig  ^  1 .702     Km  ^  1 .699     ;ip  ^  1  .(y)y 
«g  —  *tp  —  0.005 
Color  gray,  greenish,  brown,  green.     Streak  colorless. 
In  thin  section  colorless.    The  pink  manganiferous  variety,  Ihnl- 
ite,  has  strong  pleochroism  in  thin  section  as  follows: — 
Z  ^:  yellow 
Y  —  bright   pink 
X  =  dark  pink 
Occur.     Found  in  crystalline  schists  and  as  a  secondary 
product   in   many    igneous    rocks.      In    schists   usually  associated 


ZOISITE—FO  UQ  UEITE.  183 

with  some  variety  of  amphibole.  In  igneous  rocks  zoisite  is  com- 
monly the  result  of  alteration  of  basic  feldspars.  Thus,  saussurite 
IS  merely  a  name  given  to  a  feldspar  mass  more  or  less  completely 
altered  to  a  mixture  of  zoisite,  new  feldspars,  actinolite,  chlorite, 
etc.  Also  found  in  veins  in  altered  basic  igneous  rocks  with 
quartz. 

p'Zoisitt,  In  addition  to  the  common  zoisite  described  above, 
and  distinguished  asa-zoisite  there  is  another  type  (dimorphous?)  called 
jg-zoisite  in  which  the  plane  of  the  optic  axes  is  parallel  to  the  base  001 
and  the  acute  positive  bisectrix  is  perpendicular  to  100.  Moreover  the 
dispersion  is  weak  and  variable  with  p  >  v.  The  indices  of  refraction 
and  the  birefringence  are  about  the  same  as  in  common  zoisite,  but  the 
angle  of  the  optic  axes  is  considerably  smaller,  a-zoisite  and  jg-zoisite, 
as  well  as  epidote,  often  occur  together,  sometimes  intimately  intergrown. 

DiAG.  Distinguished  in  thin  section  by  elongated  sec- 
tions with  parallel  extinction,  high  relief,  very  weak  birefringence, 
and  very  strong  dispersion.  On  account  of  the  last  character 
complete  extinction  is  not  obtainable,  but  instead  one  has  the 
"ultra  blue,"  also  seen  with  chlorite.  The  elongation  is  of  vari- 
able sig^  when  the  optic  plane  is  parallel  to  oro  and  negative 
when  it  is  parallel  to  010.  Diflfers  from  epidote  in  absence  of 
color  and  much  weaker  birefringence. 

FOUQUfilTE. 

MoNocLiNic  Ca.AlgCAlOH)  (SiO^), 

Phvs.  Char.  Similar  to  epidote  in  form  and  physical  char- 
acters; similar  to  zoisite  in  composition.  It  has  a  cleavage  (parallel  to 
001?)  making  an  angle  of  at  least  108°  with  the  elongation  of  the  crystals. 
Sometimes  occurs  in  polysynthetic  twins,  with  100  as  the  composition 
plane.    G.  =  3.3.     Infusible. 

Opt.  Prop.  The  plane  of  the  optic  axes  is  probably  parallel 
to  OTO*.  There  is  a  continuous  variation  in  the  refringence,  birefringence, 
and  optic  angle  with  varying  Fe„0-,  as  follows: — 

LOCALITY         FesOa  ftg 

Ceylon       (FeO?=4.4) 

Inverness-shire        6.8        1.725Na 

Rothenkopf  4.  1.7343 

Prilgraten  2  1.7232 

(CHnozoisitr-see  below) 

Color  gray,  greenish,   rarely  colorless.     Streak  colorless.     Col- 


^  m 

ffp 

«g  — /'p 

2  r      SIGN 

0.020 

near  90°      + 

1.71% 

1.714 

0.011 

89°3rTl    4- 

1.7291 

1.7138 

0.0105 

89°  16'       + 

1.7195 

1.7176 

0.0056 

81°  40'        -4 

•  In  the  orlKlnal  description  (Bull.  Soc.  Fr.  Min.  XII.  327.)  Lacrolx  states 
that  the  optic  plane  is  parallel  to  the  easy  cleavage,  which  ho  takes  for  the 
base,  but  this  Is  inconsistent  with  his  description  of  extinction  and  cleavage 
In  the  twins. 
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orless,  or  nearly  so,  in  thin  section;  colored  varieties  have  very   weak 
pleochroism,  as  follows: 

Z  :=  colorless 
Y  =  very   pale  yellow 
X  =  colorless 
Occur.    Found  in  anorthite  gneiss.     Rare. 
DiAG.    Differs  from  epidote  in  sign,  absence  of  color  and  pleo- 
chroism,  and  weaker  birefringence.     Differs  from  zoisite  in  inclined  ex- 
tinction and  larger  optic  angle. 

Clinozoisite  seems  to  be  a  synonym  of  fouqueite.  It  has  the 
same  composition  and  similar  physical  characters.  G.  =  3-35-3.37.  H.  = 
7.  The  plane  of  the  optic  axes  is  parallel  to  010.  The  positive  acute  bi- 
sectrix makes  an  angle  of  2**  with  the  crystal  axis  c.  The  angle  of  the 
optic  axes  is  very  large.  ITic  dispersion  is  very  strong,  with  p  >  z\ 
2F  =  i8''4o';  «g=  1.7232,  11^=1.7195,  tip  =1.7176;  Hg  — ftp  =  0.0056. 
Rare. 
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Fig.  G6.     Common  crys 
tal  form  of  epidote. 


Twinning    often 


EPIDOTE. 

Mono.      a:b:c::  1.586:1:  1.815      Ca2(Al,Fe)o(A10H)  (SiOJ, 

P  =  64*  33' 

Phys.  Char.  Crystals  nearly  al- 
ways elongated  1 1  the  axis  b ;  faces  in  this 
zone  usually  striated  ||  b.  Also  fibrous, 
granular  and  massive, 
polysynthetic  ]|   100. 

Cleavage  very  good   ||  001.  imperfect  ||    too. 

H.  —  6.-7.      G.  "3.3-3.5.      Fusible    with    in- 

tunicsceiice   at   about    3.      Partly   decomposed 

by  IIC'l. 

(  )PT.   Proi'.     The  i)lanc  of  the  optic 

axes  i>  ])arallel  to  '010.     The  acute  negative 

bisectrix  makes  a  very  small  angle  with  the 

vertical    axis    in    the    acute    angle    ^.     The 

values  of  the  indices  of  refraction  and  of  the 

angle    of    the    optic    axes    arc    very   variable, 

sometimes   even    in    a    single   crystal.     These 

variations  are  ai)parently  dependent  upon  the 

percentage  of   FCoO..,,   as   shown   in   the  table 

below.      Inclined    dispersion :    also    dispersion 

P  >  V. 


/{h:? 


.Fig.    66a. 

Optical    orientation 

of   epidote. 


Locality 

Zilk-rthal 

K.nai)pcn\vand 

Cahrc 

Traversella 


Fo,0 
16. 
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I • 7344       

I . 7677       I . 7540 


1 .720 


11    —  fi 


2V 

K  P 

0.0144       87^  4f:»' 
1.7.^05      0.0372       y^""  39' 

0.016-0.054    

0.061  
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EPIDOTE—PIEDMON  TITE. 
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Sections  thick, 
yellow 
brown 
green 


Color  green  of  various  shades,  sometimes  yellow,  gray 
or  nearly  colorless.  In  thin  section  usually  colorless  to  orange 
yellow,  the  pleochroism  increasing  with  the  amount  of  color. 
The  absorption  formula  is  Y  >  Z  >  X. 

Sections  0.03  mm. 
Z  =  colorless,  yellowish  green,  pink 
Y  =:  pale  blue  to  greenish  yellow 
X  =  colorless,  lemon  yellow,  pale  green 

Occur.  Epidote  is  a  very  common  mineral,  occurring 
in  great  abundance  in  schists  and  in  contact  zones.  It  is  also 
common  as  an  alteration  product  of  ferromagnesian  minerals  and 
feldspars,  etc. 

Withamite  is  a  variety  containing  a  little  MnO  and 
characterized  by  red  color;  the  birefringence  is  about  0.05  and 
the  pleochroic  colors  are  Z  =  bright  rose,  Y  =  light  rose ; 
X  =:  lemon  yellow. 

DiAG.  The  high  refringencc,  parallel  extinction  in 
longitudinal  sections,  arid  inclined  extinction  in  transverse  sec- 
tions, and  the  strong  birefringence  variable  in  a  single  crystal, 
are  quite  characteristic.  The  forms  and  color  are  also  good 
diagnostics. 


MONOCLINIC 


PIEDMONTITE. 

a:6:c::  1.610:  i:  1.833  Caj(Al,Mn)..(A10H)  (Si6p3 

Phys.  Char.     Similar  to  epidote  in  physical  characters.     G.  = 
3.4.    H.  =  6.5. 

Opt.  Prop.    The  plane  of  the  optic  axes  is  parallel  to  010:  the 
positive  acute  bisectrix  makes  an  angle  of  32**  with  the  trace  of  001.    The 
maximum  birefringence  is  about  the  same  as  that  of 
epidote;  the  refringencc  is  also  similar.  rItDnONTITE 

(+)   2F  =  79^it: 
n  =  i.73 
",5  —  "p  =  005  It 
Color     reddish     brown,     reddish     black. 
Streak   reddish.     The   pleochroism    is   characteristic 
and   intense   even    in   thin    section.     The   absorption 
formula  is  X  >  Y  >  Z. 

Z  =  bright  red 
Y  =  amethyst  violet 
X  =  lemon   to  orange  yellow 
Occur.     Common  in  crystalline  schists  in 
some  parts  of  Japan ;  not  uncommon  as  an  acces- 
sory in  glaucophane  schist  and  Archean  gneiss,  etc. 
DiAG.    Very    similar    in    general    to    epi- 
dote,   from   which   it  is   distinguished  by   its  color, 
pleochroism,  positive  bisectrix,  and  by  manganese  reactions. 


■ '  ^-^   i.-r  ,      .  •-■  .- 


JOO 


Fig.  67. 
Optical     orienta- 
tion    o  f    pledmon- 
tlte. 
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ALLANITE  (Orthite). 


ALLANITL 


Mono.        a:b:c::  1.551 :  i :  1768        (Ca,Fe) j(AlCe,Fe) ^C AlOH)  (SiO^), 

/3  =  64**  59' 

Phys.  Char.     Similar  to  epidote  in  physical  characters;  cleav- 
ages often  indistinct.     H.  =:  6.     G.  =  3^4. 

Opt.  Prop.  The  plane  of  optic  axes  is  parallel  to  010;  the 
negative  acute  bisectrix  makes  a  very  small  angle  with  the  vertical  axis 
in  the  acute  angle  p.  The  optic 
axes  are  respectively  sensibly  per- 
pendicular to  GDI  and  loi.  The  dis- 
persion is  verj*  strong  rendering  ex- 
tinction incomplete.  The  birefrin- 
gence is  quite  variable,  often  even  in 
a  single  cr>'Stal;  this  x-ariation  often 


seems  to  be  in  relation  with  colored 
zones.  In  some  cases  the  mineral 
is  wholly  or  in  large  part  isotropic 
In  such  cases  pleochroism  is  absent 


^^. 


^,.'-5^ 


$ 


/^O 


(_)   2^  =  65°   to  70" 


Fig.    68.     Optical  orientation    of 
allanite. 


M„  =1.68-1.70 
Hg — Wp  =  0.032  (maximum) 

Color  brown  to  black  with  tints  of  green,  gray  or  yellow.  Streak 
gray.  In  thin  section  the  pleochroism  is  usually  very  marked  as  fol- 
lows : — 


Z  =  yellowish  brown 
Y  =  dark  reddish  bro^Ti 
X  r=  pale  greenish  brown 


reddish  brown 
reddish  brown 
Yellowish  brown 


Allanite  otter.  pr«\ir.ces  ir.tti>c  pleochroic  hales  in  biotite.  It 
is  not  rare  to  hnvl  al'.anite  surrounded  l>y  a  zone  of  epidote  having  the 
same  orientation,  but   slijri-i'.y  different  extinction. 

Ovvi  R.  Rather  common  as  an  accessor^-  constituent  of  many 
igneous  rt^nrk^.  especially  tbe  m<  re  acid  varieties.  .\lso  in  gneiss,  crystal- 
line ^cl^ist'i.  and  n'.asznetite  ir-^n  mines. 

Vi\r,.  Tlie  high  refringence.  varying  color  (even  in  a  single 
crysta;\  pleochroism  in  brown  tints,  great  variations  in  birefringence  and 
a<>ociat'.o:i    with    eivJ.ote    are    distinguishing    characteristics. 

EPISTILBITE,  see  zeolite  group. 


EPSOMITE. 


OKruoKHt^Miur 
riivs. 


i;  :  •' :  c  ;  :  0.0102  :  I  :  0.570*5  MgSO^  -\-  yH^O 

Cii  \K.     Crystals    prismatic    in    habit,    often    hemihedral. 
.\!<v^   -r.   tihriHis   crust<   ard   fibrous   Knryoidal   masses.     Cleavages   perfect 
0H\   iiuperfect   "  oil.  in  traces   ''    no.     H.  =  2.-2.5.     G.  =  1.75.     Liqui- 
fies '.'A  it^  water  x^i  crv^tal'i -ati*  n.     Tlas  very  bitter  taste. 

Orr.  Prof.     Tlu^  plane  of  the  optic  axes  is  parallel  to  001;  the 
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eipsomite: 


OOf 


negative  acute  bisectrix  is  normal  to  010.     The  refringence  is  very  low, 
the   birefringence   rather   strong.     The   angle  of 
the  optic  axes  is  rather  large;   dispersion  weak 
p>v. 

(_)  2V  =  si''  25'  (2£  =  78^  18') 
n,  =  1.4608    fi„  =  1.4554     Wp  =  1.4325 
ng  —  np  =  0.028 
Color  white.     Colorless  in  section. 
Occur.    Found  in  capillary  coatings  on 
the  walls  and  floors  of  caves  and  mine  galleries; 
also  in  the  gypsum  quarries  of  Paris;  in  anthra- 
cite; in  thin  layers  with  carnallite  at  Strassfurt, 
etc. 

Goslaritc  (ZnSO^ -I- 7H2O)  is  related 
to  cpsomite  both  in  composition  and  form  being 
orthorhombic  and  having  a:b:  c:: 0.981 :  i : 0.563. 
It  is  commonly  in  acicular  to  fibrous  crystals,  in 
tufts,  stalactitic,  or  massive.  Cleavage  perfect 
II  010.  H.  =  2.-2.5.  G.  =  i.9-2.i^  Soluble  in 
HjO;  taste  astringent.  Optic  orientation  as  in 
epsomite,  but  the  optic  angle  about  X  is  larger, 


/oo 


y> 

<.  — 

?  0  '^^' 

.  — 

''-''-ir 

V 



— 

— 

— 1 

Fig.  €9.     Optical  ori- 
entation  of  epsomite. 


2£  =  70**23'Li  (2^  =  46*  14' Na)  and  the  dispersion  is  very  weak  p<z/. 
The    refringnce    is    very    low;    ii_  =  1.4836,     w    =  1.4801, 


11^=1.4568; 


n^  —  #ip  =  0.027.     Color  white  or  stained.     Found  in  passages  of  mines 
precipitated  from  solution  in  stalactitic  forms,  etc. 

Morenosite  (NiSO.  4-7H^O)  is  isomorphous  with  epsomite, 
having  a:b:  c:: 0.982 :  i : 0.566.  Commonly  acicular  ta  fibrous.  Qeavage 
perfect  ||  010.  H.  =  2.-2.5,  G.  =  2.  Soluble  in  H^O;  taste  astringent 
Optic  orientation  as  in  epsomite.  2E  =  64°22'Na  (2^  =  41^56'.);  dis- 
persion distinct  p>t/.  Refringence  low,  «„  =  1.4921,  «^=  1.4888.  Wp  = 
14669;  fig — tip  =  0.025.  Optic  sign  — .  Color  apple-green  to  greenish 
white.    Occurs  as  an  efflorescence  on  nickel  sulphide  ores. ' 

ERYTHRITE,  see  vivianite. 

EUCHROITE. 

Orthorhombic  a:  &:  c::  0.609:  i  :  1.038  Cu_(OH)AsO^ -I-3H.O 

Phys.  Char.  Crystals  prismatic,  vertically  striated.  Cleavage 
in  traces  ||  no  and  on.  H.  =  3.5-4.  G.  =  3.39.  Easily  fusible  with  blu- 
ish green  flame  color.     Soluble  in  HNO,. 

Opt.  Prop.  The  optic  plane  is  parallel  to  100;  the  acute  bisec- 
trix Z  is  normal  to  001.  Refringence  high.  n=  1.70.  2E  =  6i°  11'.  Col- 
or bpght  emerald  green,  leek  green.     Luster  vitreous. 

Occur.    Found  in  slate;  resembles  dioptase.     Very  rare. 

EUCLASE,   see   datolite   group.     EUCRYPTITE,   see   nephelite 

RTOUp. 
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EUDIALYTE  (EucoUtc). 

Hexagonal  c  =  2.112  Najj(Ca,Fe)^Cl(Si,Zr)j^05j 

Phys.  Char.  Crystals  of  varied  habits.  Cleavage  distinct  || 
0001,  indistinct  ||  ii5o.  H.  =  5.-6.  G.  =  2.9-3.1.  Flisible  at  2.5,  Gelat- 
inizes with  HCl. 

Opt.  Prop.  Uniaxial  and  positive  (eudialyte)  or  negative 
(eucolite).     Pale  pink  in  thin  section  without  perceptible  pleochroisni. 

i,ud\alyte  Eucolite. 

n^=i.6ioNa  to  1.613  1.6205  to  1.622 

lip  =1.608        to  1.604  1.6178  to  1.618 

Wg —  tip  =  O.OQ2        to  0.009  0.0027.  to  0.004 

Ramsay  considers  that  eudialyte  and  eucolite  form  an  isomor- 
phous  series  between  the  end  members  (with  maximum  positive  and  max- 
imum negative  birefringence)  of  which  there  are  mixtures,  some  posi- 
tive, some  negative  and  some  isotropic,  at  least  for  certain  colors. 

Occur.  Associated  with  sodalite,  nepheline,  acmite  and  other 
soda  minerals  in  Greenland,  Norway  and  Arkansas.     Rare. 

Di.\G.  Uniaxial  character,  rather  high  relief,  weak  birefrin- 
gence and  association  with  soda  minerals  are  distinguishing  characters. 

EUDIDYMITE. 

MoNOCLiNic  a:b:  c::  1.7107 :  i  :  1.107  HNaBeSi^O^ 

^  =  86**  14  W 
Phys.  Ch.ul     Crystals  tabular   '|  001,  always  twinned  on  001 
in  thin   lamellae;   also  interpenetrated:   also  contact  twins   with   reentrant 
angles  near  120°.     Cleavage  perfect  '|  001,  imperfect  |!  551.     H.  :=  6.  G.  ^= 
2.55.     Fusible  easily.     Incompletely  soinMe  in  acids. 

Oft.  Prop.  The  plane  of  tlie  "'piic  a.xes  is  parallel  to  010;  the 
positive  acute  bisectrix  makes  an  angle  with  c  of  58^  in  the  acute  angle  R- 
The  refringence  is  low  and  the  birefringence  weak.  The  angle  of  the 
optic  axes   is  small:   dispersion  distinct,  p  >  Z'. 

(  — )   2r'  =  29'*   19' 
n^  —  1 .55o85Xa    n^  =  i.54568Xa    n^  =  i.52t533Na 

n .  —  "p  =^  0.0055 
Color  white.     Colorless  in  section. 

OcciK.  Found  in  cavities  in  zircon  syenite  associated  with 
natmlite.  apcphyllite.  nepheline.  etc.     X'ei^-   rare. 

Epididymite  has  the  same  composition  as  eudidymite,  but  is 
(»rih.T]iom!>ic  with  j  :  ^  :  r  ::  0.576:  I  :  0.534.  Crystals  often  tabular  ||  001, 
eii:  er  be\av;onaI  in  outline  or  elongated  '  a.  Twinning  on  OOI  with 
revoluiion  of  (o^  Cleavage  perfect  ooi  and  010.  H.  =:  5.5.  G.  =  3.55' 
l^i>ible  easily:  insoluble.  The  optic  axial  plane  is  pvirallel  to  ooi  ;  the 
aonte  ni\s:aii\e  bisectrix  is  normal  to  010.  Dispersion  p^v.  2V  = 
22^'  3S'  \a  :  /I.  =^1.5404  Na.  ;/...--  i. 5441.  »r— 1.5440:  "„  —  «-- 0.0064 
X.\.     Colnrloss.     \*ery  rare. 

FAYALITE,  see  olivine  group. 
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Feldspar  Group. 

The  feldspars  constitute  a  group  with  many  common 
characters.  They  are  silicates  of  aluminum  with  potassium, 
sodium,  or  calcium  (rarely  barium).  Their  crystal  forms  are 
similar  although  some  are  mcnoclinic  and  others  triclinic.  They 
all  possess  two  good  cleavages  making  an  angle  of  90°  in  the 
monoclinic  feldspars  and  90°+  to  94°  10'  in  the  triclinic  feld- 
spars. These  cleavages  are  parallel  to  the  base  001  and  to  the 
pinacoid  010;  the  basal  cleavage  is  distinct  and  easily  obtained, 
the  pinacoidal  cleavage  slightly  less  distinct.  Cleavage  parallel 
to  some  other  faces  is  found  in  some  feldspars,  but  only  in  traces. 
The  specific  gravity  of  the  feldspars  ranges  from  2.5  to  2.9  and 
the  hardness  from  6.  to  6.5.  They  are  naturally  glassy  and  color- 
less, but  are  often  clouded  and  stained  by  impurities  of  various 
kinds. 

Crystal  form.  The  similarity  of  crystal  form  of  all 
the  feldspars,  both  monoclinic  and  triclinic  is  shown  in  the  fol- 
lowing table;  here,  and  in  other  tables  which  follow,  the  compo- 
sition is  often  expressed  in  terms  of  the  celsian  molecule  (BaAlj- 
SijOg  =  Cn),  the  orthoclase  molecule  (KAlSigOg  =  Or),  the 
albite  molecule  (NaAlSigO,  =  Ab),  and  the  anorthite  molecule 
(CaAUSijOs  =  Aij). 

Crystallography  of  the  feldspars. 


Name 


a'.b\c 


Celsian 

Hyalophane 

Orthoclase 

Microcline 

Anorthoclase 

Albite' 

Oligoclase 

Andesine 

Labradorite' 

Anorthite 


0.657: 
0.6584: 
0.6586: 
0.6495: 
0.6466: 
0.6331: 
0.6321: 
0.6356: 
0.6377: 
0.6342: 


1:0.554 

1:0.5512 

1:0.5559 

1:0.5546 

1:0.5522 

1:0.5572 

1:0.5524 

1:0.5521 

1:0.5547 

1:0.5501 


90^ 
90 
90° 

90°  7' 
90°  30' 
94°  3' 
93°  4' 
93°  23' 
93°  31' 
93°  13' 


1 

2' 

115° 

115° 

35' 

116° 

3' 

115° 

50' 

!  116°  18' 
'  116°  27' 
ll6°  22' 
116°  29' 
116°  3' 
115°  57' 


7 

OOIAOIO 

90° 

90° 

90'^ 

90° 

90^ 

90° 

89^  55^ 

89°  53^ 

90°- 

90°  .t: 

88°  9' 

93°  36' 

90°  4' 

93°  28' 

89°  59^ 

93°  46' 

89°  54' 

93°  52' 

91°  13' 

94°  10' 

Approx. 
Com  p. 

Cn 
(Or,Cn) 
.    Or 

Or 
(Ab,Or) 

Ab 
(Ab^Am; 

(Ab:;An2) 

(AbiAm) 
An 


Feldspar  crystals  are  often  short  prismatic  in  habit, 
spmewhat  flattened  parallel  to  oio,  as  in  figures  70,  71,  and  71a; 
they  are  also  frequently  elongated  in  the  plane  of  symmetry,  that 


^  The  crystallographic  study  of  labradorltc  has  not  yet  been  completed  satis-    « 
factorily.     The  figures  given  above  are  chiefly  tho.Me  of  Obermeyer. 
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FlB.  71. 
Simple  cryacal  rormB  of  feldspart. 


Fig.    T2,  Fl^.  73. 

Simple  crystiil  forms  o(  reldapajg. 
is  iwirallol  to  tlio  face  oio,  in  the  direction  of  the  horizontal  axis, 
Viil,  the  crystals  then  taking  the  forms  of  quadratic  prisms,  the 
rc;il  prism  l;icos  110  and  ilo  being  reduced  to  comparatively 
iiisii;iiiticnnt  dimensions,  as  in  figures  72  and  73.  Feldspar  micro- 
lili-s  arc  iisiially  in  thin  lamella  parallel  to  010,  as  in  figures  74 
ami  r'T- 
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Anorthoclase  is  often  elongated  parallel  to  the  vertical 

The  plagioclase  feldspars  are  distinctly  triclinic,  yet  the 
angle  a  varies  very  little  from  90°,  and  their  forms  are  therefore 
qnite  near  those  of  the  monoclinic  species.  The  plagioclase  feld- 
spars are  sometimes  elongated  parallel  to  the  axis  b ;  this  elonga- 
tion produces  the  pericline  variety  of  albite,  and  when  twinned 
gives  rise  to  the  pericline  striations  which  may  appear  in  any 
plagioclase  on  100  and  010. 

Twinning.  The  feldspars  are  all  subject  to  twinning. 
Orthoclase  is  especially  frequent  in  the  form  of  Carlsbad  twins, 
but  also  shows  the  Manebach  (Four-la-Brouque)  and  Baveno 
types. 

In  the  Carlsbad  form  the  twins  are  united  by  some 
plane,  usually  010,  parallel  to  the  vertical  axis.  One  is  turned 
180"  from  the  position  of  the  other  about  the  common  vertical 
axis.    The  Carlsbad  twins  may  be  united  in  a  single  plane  as  In 


i^m 


Fig.  Tfl.  Fig.  T7. 

Carlabad  conUct  Carlsbad  partial 

twin.  penetration    twin. 

figure  76,  or  partially  interpenetrate  as  in  figure  77.  In  a  thin 
section  of  a  Carlsbad  twin  the  pinacoidal  cleavage  010  in  one 
twin  is  parallel  with  that  in  the  other,  and  nnless  the  section  be 
cut  in  a  zone  whose  axis  is  either  parallel  or  jxirpendicular  to 
the  face  oin,  the  basal  cleavages  form  oblique  angles  with  one 
another.  If  a  section  be  in  a  zone  whose  axis  Is  either  parallel 
or  perpendicular  to  the  face  010  the  cleavages  will  stand  at  right 
angles.  Carlsbad  twins  are  almost  invariably  composed  of  only 
two  individuals.  This  is  a  fact  of  considerable  importance  in 
distinguishing  macroscopically,  and  also  in  a  cursory  way  micro- 
scopically, between  orthoclase  and  plagioclase.  Twinning  of  the 
polysynthetic  type  is  almost  always  present  in  the  latter. 
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The  Manebach  type  (figure  78),  has  the  basal  plane  ai 
composition  face,  and  the  axis  about  which  the  crystal  turns  v 
the  vertical  cr}'stallographic  axis.  The 
cleavages  001,  of  one  twin,  are  paral- 
lel to  those  of  001  of  the  other.    The 
same  is  true  of  the  cleavages  010. 

In  Baveno  twinning  the 
twinning  axis  is  perpendicular  to  021 
which  is  the  composition  face.  Crys- 
tals twinned  according  to  this  law  are  always  elongated  parallel 
to  the  axis  a  and  often  flattened  parallel  to  001.  Twins  of  this 
kind  form  nearly  square  prisms  as  seen  in  figure  79  since  001  a 
021  is  nearly  45°,  being  44°  56'  in  orthoclase  and  46**  46'  in  albite 
Sections  cutting  such  a  twinned  crystal  present  square  or  rhom- 
bic outlines,  the  cleavages  being  parallel  to  the  sides.  The  line 
separating  the  twins  runs  diagonally  from  comer  to  corner,  a* 
seen  in  figures  80  and  81. 


Flgr.    78.     Manebach 
twiD. 


1 


001 


010 


010 


Fig.    79. 
Baveno  twin. 


Fig.   80.  Fig.  81. 

Kaveno  twins  in  thin  sections;  perpendicular  section 

and  oblique  section. 


The  twinniiifr  of  anorthnclase  and  microcline  is  charac- 
tcristic.  They  coiii1)ine  the  albite  and  pericline  types,  producing 
a  rectanpilar  quadrilla^e  on  all  sections  of  the  zone  001  :  100, 
except  on  that  which  is  parallel  to  the  plane  of  association  for 
the  perichne  law,  and  on  all  sections  in  the  zone  001:010  except 
on  tliat  parallel  to  the  composition  face  of  the  albite  law.  In 
other  words,  the  section  parallel  to  010  is  identified  by  the  dis- 
appearance of  the  albite  twinning  and  that  parallel  to  the  com- 
position face  of  the  pericline  twinning  by  the  disappearance  of 
the  pericline  marks,  llie  position  of  the  composition  face  of  the 
pericline  twinnincr  in  anorthoclase  coincides  with  its  position  in 
oliGfoclase  in  some  cases:  in  other  cases  it  seems  to  make  an  angle 
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of  —  78°  to  —  75°  with  001  in  010.  In  both  cases  it  is  practically 
perpendicular  to  the  face  OiO,  In  microcline  this  plane,  while 
nearly  perpendicular  to  001,  and  practically  perpendicular  to 
010,  has  a  trace  on  010  which  forms  an  angle  of  — 80°  or  +  100° 
witli  the  edge  001:010  (figure  87).  Its  position  is  between  the 
faces  100  and  201.  The  cross-hatching  of  microcline  is  repre- 
sented by  figure  82.    That  of  anorthoclase  is  less  distinct,  being 


FlR.  82.      QuHdrlllagcnf  miorQcJlnp.      Sec  alio  llgin'e  104. 

extremely  fine  and  badly  defined.     But  anorthoclase  with  only 
one  type  of  twinning  present  is  not  rare. 

With  the  plagioclases,  properly  so  called,  the  albite  and 
pericline  types  of  twinning  play  an  important  rule.  In  albite 
twinning  the  composition  face  and  the  twinning  plane  are  both 
OIO.     Simple  albite  twins  are  represented  in  figures  83,  84  and 


Fig.  83.  Fig.  81.  Fig.   8B. 

simple  alblle  tnlns, 
85.  This  is  the  twinning  characteristic  of  the  plagioclase  feld- 
spars in  which  it  is  rarely  lacking.  It  is  nearly  always  polysyn- 
thetic,  producing  striations  on  the  cleavage  face  001  parallel  to 
the  face  010.  This  twinning  becomes  a  case  of  parallel  growth 
and  is  therefore  optically  invisible  in  orthoclase.  since  the  latter  is 
monoclinic  and  the  twinning  axis  is  consequently  an  axis  of  bi- 
nary symmetry. 

In  pericline  twinning  the  twinning  axis  is  the  axis  b. 
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while  the  composition  face  is  the  so-called  rhombic  section,  which 
is  a  section  made  by  a  plane  passing 
through  the  crystal  in  such  a  direc- 
tion that  its  intersections  with  the 
prism  faces  no  and  iio  and  the 
brachypinacoid  oio  make  equal  plane 
angles  with  each  other,  (see  figure 
86).  The  position  of  this  rhombic 
section  and  the  consequent  direction 
of  the  twinning  bands  on  oio  change 
rapidly  with  small  changes  in  the  crystallographic  axial  angles. 
The  pericline  twinning  bands,  when  visible  in  a  section  parallel 
to  OIO,  make  different  angles  with  the  basal  cleavages  which  are 
visible  in  the  same  section,  according  to  the  feldspar  examined. 
1'his  angle  varies  from  o*"  for  andesine  to  — 18°  for  anorthite,  in 
one  direction,  and  in  the  other  direction  it  varies  to  +13°  and 
-4-21°  for  albite.  It  may  be  represented  for  all  the  triclinic  feld- 
spars by  the  diagram  below  (figure  87),  which  shows  the  face 


Fig.   86. 
Simple  pericline 
twins. 


100 
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Kiir.    '^7.     Position    of   romposition    faro   of   p<'riclino    twinning    in    the    iriclinir 

feldspars. 


010  K^{  a  simple  crystal.  In  niicroclinc,  and  apparently  in  ano'-- 
thoclasc.  this  type  of  twinnini^  exists  with  a  composition  face 
which  is  not  a  "rhombic  section."     Except  rarely  in  the  species 
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albite,  pericline  twinning  is  polysyiitlietic,  and  always  invisible 
without  the  microscope. 

The  Ala  twinning  is  simple,  and  resembles  the  Carlsbad. 
Its  composition  face  is  001,  and  the  twinning  axis  is  the  axis  a. 
In  oligoclase  and  andesine  this  type  of  twinning  retains  the  axis 
Z  in  coincidence  with  its  primitive  direction. 

The  plagioclases  are  subject  to  twinning  on  the  Carls- 
bad, Manebach,  and  Baveno  plans,  and  albite  also  on  the  Roc 
Toume  plan.  This  last  consists  of  two  albite 
twins,  again  twinned  as  couples  by  the  union  of 
the  reentrant  angle  formed  by  the  faces  loi,  loi, 
of  one  upon  the  salient  angle  of  the  other  formed 
by  the  same  faces.  The  double  crystal  thus 
formed  is  approximately  a  parallelogram,  flat- 
tened parallel  to  oio,  one  of  the  twinned  pairs 
being  thinner  than  the  other  as  shown  by  figure 
8». 

In   thin   section  the  twinning  lines   of 
albite  are  fine  and  far  apart,  often  irregular  and 
internipted:   those  of  oligoclase  are  very  clear     Roc'tourn*  twin 
and  of  very  regular  widths,  one  of  the  systems  "'  ^J''"*- 

being  much  more  fine  than  the  other. — so  fine  indeed  that  some- 
times it  is  ini)X>ssible  to  perceive  the  width  In  labradorite  the 
lamellx  are  equally  clear  ind  definite  but  the  \Mdth  varies  much 
from  one  lamella  to  the  other  ind  m  the  simc  lamella  frarclyl 
from  one  point  to  another  In  anorthite  the  albite  lamellns  arc 
broad  and  regular  while  those  of  pencline  are  very  frequently 
distributed  onlv  m  certain  ones 
of  the  albite  bands,  which  they 
cross  at  virMntj  angles  accord- 
ing to  the  direction  of  the  plate. 
Figure  89  represents  a 
triclinic  feldspir  crystal  with  the 
albite  ind  pencline  st nations. 
much  amphfieil  to  show  their 
|X)sitions  ind  direction  for  tho 
specie*  albite  The  front  face. 
100.  is  represented,  hut  it  is  very 
rarely  seen  in  nature.  The  prism 
planes,  no.  I  TO,  obliterate  it. 
FiK.  89.  .As    a    brief    summary 

ernal  alblt«  and  pprli]lni'  ^  ,  ,         t      ■     ■       ■  ■         ,i  ' 

■triatioTiB.  statement    of    twinning    in    the 
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feldspars  it  may  be  said  that  orthoclase  often  occurs  in  simple 
twins,  but  never  io  polrsj-nthetic  tit-ins;  microcline  is  always  poly- 
syntheticallv  twinned  in  two  directions  giving  a  fine  cross  hatch- 
ing between  crossed  nicols:  [riagioclase  is  nearly  always  polysyn- 
thettcally  twinned  oa  the  albite  law. 

Optical  Pbdpesttes.  In  the  study  of  the  feldspars  it 
is  freqoently  necessary  to  indicate  the  position  of  a  right  line 
sitaaK\i  in  the  plane  ooi  or  in  oio.  In  order 
that  stich  •lesi^naciDa  may  be  free  from  am- 
^igtat^-  it  ha*  been  suggested  by  Schuster  that 
the  Jirection  of  such  line  shall  be  uniformly 
rvwrnrti  to  the  edge  ooi  :oio  with  the  crystal 
ill  the  coaveational  position,  whether  in  the 
piuiK  OOI  or  in  OIO.  The  angle  in  the  brachy- 
piiijcoid  which  the  line  makes  with  this  edge 
is  vdlleJ  ^ositki  if  the  direction  of  the  line  is 
■(Kui'ied  in  the  obtuse  angle  formed  by  the 
cOgi's  001:010,  010:  100,  and  negative  if  its 
ifirtction  tie  in  the  acute  angle  of  these  same 
■.■Oitcs.  l"he  same  rule  is  applied  for  a  line 
Nin^;  :n  the  base  001,  Figure  90  represents  a  simple  plagioclase 
-:rv*ml  with  lines  drawn  in  the  faces  001  and  010  with  their 
\l:rwi;ons  expressed  according  to  Schuster. 

Thf  principal  optic  clement  is  tlie  optic  plane  ("p.  71), 
l-i  ;:  l;o  the  optic  axes  and  the  bisectrices.  Its  position  in  the 
.■:\s:al  !i;is  definite  relations  to  the  cleavages,  tlie  external  faces, 
atu;  tlie  crystallographic  axes  in  the  different  feldspars,  and  its 
,iuj;u-  with  tlic  albite  twinning,  in  the  plagioclases,  is  the  key 
vihicii  fnmisbcs  one  nt  the  principal  diagnostics.  Its  position  is 
' '.•St  ivpresscd,  smnnuirily.  by  projections  on  the  ]>lane  perpendic- 
n'.ir  to  tlie  edge  001:010.  Figure  f)i  shows  the  comparative 
pi>siiiiins  of  the  optic  plane  in  orthoclase.  annrtboclasc  and  micro- 
cline. as  given  by  Micliel  Levy  and  l.acroix*.  It  appears  that  in 
ihe.'^e  jHHasb  feldspars  the  axial  plane  is  nearly  parallel  to  the 
baseiyi,  and  consequently  agrees  substantially  witb  tiie  direction 
of  ibe  easy  cleavage.  It  appears  also  that  the  least  axis  of  ether 
vibration  lZ"l  is  nearly  or  quite  iierpcmlicnlar  to  the  face  OiO. 
Tho  i:;reatest  axis  of  etber  vibration  ("Xl  lies  in  the  plane  oro 
and  nearly  ]iarallel  to  tbe  ba^e.  varying  in  microcline  5°  into  the 


Flf.  90. 
Sicn  of  exUnctlon 
uiglea  In  feldspsn. 
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Fig.  91.     Stereographlc  prolectlon  of  the  axes  X,  T,  Z  In  orthoclase,  mlcro- 
cline,  anorthoclaae  on  a  plane  normal  to  the  axis  a. 

acute  angle,  and  the  mean  axis  of  ether  vibration  (Y)  is  per- 
pendicular to  001  except  in  microcline  in  which  it  varies  from 
3**  to  5**  from  perpendicularity. 

In  a  few  sanidincs  (a  glassy  form  of  orthoclase),  the  axial  plane 
is  perpendicular  to  the  easy  cleavage,  in  which  case  the  axes  Z  and  Y 
mutually  change  places.  Such  orthoclase  is  distinguished  by  Michel  Levy 
as  orthose  diformS  or  abnormal  orthoclase. 

In  the  soda-lime  feldspars  the  position  of  the  optic  plane 
is  more  varied.  It  is  represented  in  figure  92  as  projected  on  a 
plane  perpendicular  to  the  edge  001 :  010,  the  bisectrix  X  being 
perpendicular  or  at  least  less  inclined  to  the  surface  of  projection 
than  Y,  and  Z  lying  approximately  in  the  paper.  From  this  it 
appears  that  from  albitc  to  anorthite  there  is  a  gradual  rotation 
of  the  optic  plane  in  a  direction  opposite  to  the  movement  of  the 
hands  of  a  watch  about  a  line  parallel  (or  nearly  parallel)  to  X, 
and  that  the  whole  movement  amounts  to  somewhat  less  than 
one-fourth  of  an  entire  revolution. 

It  is  represented  in  figure  93  as  projected  on  the  face 
010.    From  this  it  appears  that  the  projection  of  the  optic  plane 
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Fig.  92.     Stereographic  projection  of  the  etxes  X,  Y,  Z  In  the  plagloclase 

feldspars  on  a  plane  normal  to  the  axis  a. 

rotates  in  a  similar  manner,  from  this  point  of  view  about  a  line 
nearly  parallel  to  Z. 

The  least  axis  of  ether  vibration  Z  of  all  the  plagioclases 
is  situated  nearly  in  the  plane  perpendicular  to  the  edge  001  :oio, 
while  the  greatest  axis  of  ether  vibration  X  is  nearly  parallel  to 
that  edge,  and  in  the  brachypinacoid  010. 

Rcfringcncc  and  Birefringence.  The  feldspars  all  pos- 
sess low  refringence  and  weak  birefringence,  both  being  about 
the  same  as  for  quartz.  By  these  characters,  therefore,  it  is 
sometimes  difficult  to  distinguish  them,  when  pure,  from  quartz. 
When  other  diagnostics  are  not  available  resort  may  be  had  to 
the  Becke  method  of  distinction*  of  comparative  refringence. 
This  consists  in  the  following  very  delicate  process : 

In  convergent  light,  with  a  high  power  (Nachet  No.  7) 
objective,  bring  the  focus  directly  upon  the  line  of  separation 
between  two  minerals.     On  lowering  the  condenser  and  remov- 


•  Uebor    die    Bestimmbarkolt    de»     Gpstf'ins«-emt'nj;tlieile    rxuf    Griind      ihres 
I.lchthipchnnsro  Vermogrons.      ^^irn.  A  rod.  1^93.   1. 
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Fig.  93.     Stereographic  projection  of  the  axes  X,  Y.  Z  In  the  plagioclase 

feldspars  on  the  plane  010. 

ing  the  analyzing  nicol  the  field  is  a  little  darkened,  but  a  very 
fine  line  of  white  light  clearer  and  brighter  than  the  grain  on 
either  side,  accompanies  sharply  the  line  marking  the  contact 
of  the  two  grains.  When  the  objective  is  focused  so  that  the 
line  is  bright,  if  the  objective  is  raised  very  gently,  and  the  least 
amount  possible,  this  bright  line  moves  a  little  toward  the  more 
refractive  mineral,  before  it  disappears.  If  the  objective  be  low- 
ered in  the  same  way  the  white  border  line  shifts  a  little  toward 
the  less  refractive  mineral.  This  is  explained  in  full  on  page  10. 
This  method  is  useful  for  distinguishing  between  orthoclase  and 
quartz  and  l)etwcen  the  fresh  secondary  plagioolascs  of  the  crys- 
talline schists  and  quartz.  By  its  means,  also,  the  acid  plagio- 
clases  may  be  distinguished  from  the  basic  plagioclases.  It  is 
to  be  employed  with  one  condition,  viz. :  when  two  adjacent  min- 
erals of  nearly  the  same  refractive  index  happen  to  be  cut.  one 
perpendicular  to  X  and  the  other  to  Z  the  movement  of  the  line 
might  be  governed  by  the  difference  between  n^  and  n^  of  the 
two  minerals,  rather  than  by  the  difference  of  their  mean  refrac- 
tive indices.  Therefore,  for  careful  work  it  is  advisable  to  use 
gfrains  of  definite  known  orientation,  and  thus  secure  a  compar- 
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ison,  not  of  mean  indices,  but  of  selected  indices  of  the  given 
minerals.  The  exact  relations  between  the  various  indices  of 
the  feldspars  and  those  of  quartz,  and  nepheline,  and  Canada 
balsam  are  most  conveniently  expressed  graphically,  as  in  the 
diagram  (figure  94).  The  index  of  Canada  balsam  varies  with 
the  concentration  of  the  balsam  by  evaporation  of  water,  but  the 
value  is  usually  about  1.545,  and  varies  within  the  approximate 
limits  shown  in  the  diagram. 

The  refringence  and  birefringence  of  the  feldspars  may 
be  tabulated  as  follows,  all  measures  being  in  sodium  light 
(except  abnormal  orthoclase,  lithium  light)  : — 

Refringence  and  birefringence  of  the  feldspars. 


Approx. 
Comp. 

Refringence    ' 

Birefringence 

section 

section 

section 

Name 

n^ 

^m 

«p 

IX 

IZ 

llOptPl. 

/ig  — /im  Wm     ^p 

Wg  —  Wp 

Celesian 

Cn 

1.5941 

1.5886 

1.5835 

0.0055 

0.0051 

0.0106 

Hsralophane 

(Or,  Cn) 

1.5469 

1.5451 

1.5419 

0.0018 

0.0032 

0.0050 

Normal  orthoclase 

Or 

1.5260 

1.5237 

1.5180 

0.0023 

0.0047 

0.0070 

Abnormal  orthoclase 

Or 

1.5240 

1.5239 

1.5170 

0.0001 

0.0069 

0.0070 

Soda  orthoclase 

(Or,Ab) 

1.5282 

:.o.oo7o 

Microcline 

Or 

1.52% 

1.5264 

1.5224 

0.0032 

0.0040 

0.0072 

Anorthoclase 

(Ab,Or) 

1.5305 

1.5294 

1.5234 

0.0011 

0.0060 

0.0071 

Albite 

Ab 

1.5400 

1.5340 

1.5310 

0.0060 

0.0030 

0.0090 

Oligoclase^dbite 

Ab«;Ani 

1.5433 

1.5385 

1.5346 

0.0048 

0.0039 

0.0087 

Oligoclase 

AbiAni 

1.5469 

1.5431!  1.5389 

0.0038 

0.0042 

0.0080 

Oligoclase^ndesine 

AbsAni 

1.5490 

1.54581.5417 

0.0032 

0.0041 

0.0073 

Andesine 

Ab8An2 

1.5560 

1.5530,1.5490 

0.0030 

0.0040 

0.0070 

Labradorite 

AbiAni 

1.5625 

1.5578 

1.5548 

0.0047 

0.0030 

0.0077 

Basic  labradorite 

Ab3An4 

1.5689 

1.5639 

1.5611 

0.0060 

0.0028 

0.0078 

Bjtownite 

AbiAn.) 

' 

Anorthite 

An 

1.5884 

1.5837 

1.5757 

0.0047 

0.0080 

0.0127 

Quartz 

1.5534              1.5443 

0.0091 

Canada  balsam 

vanes  < 

i.  g.,  1*536-1.  S 

le  optic  axe 

49 

sion,   «ind  the 

The  an£ 

rle  of  th 

;s,  the 

disoer 

optic  sign  in  the  various  species  may  be  tabulated  as  follows: — 
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The  optic  angle,  sign,  and  dispersion  of  the  feldspars. 


Name 

Approx. 
Comp. 

Dispenion 
about Z 

Sign 

21' 

2^5- 

2H 

Celsian 

Cn 

A»<7'? 

-• 

%r 

96° 

Hyalophane 

( Or.Cn  ) 

p<7' 

— 

790^ 

83°-^ 

Normal  orthoclase 

Abnormal 
orthoclase 

Or 
Or 

P<.V 

pyv 

0°-70° 
usually  69° -i- 

small 

usually 
119°-125° 

Soda  orthoclase 

(Or^b^ 

70° -f- 

Microcline 

Or 

p<v 

83°- 

88°  rh 

Microcline- 
anorthoclase 

Anorthoclase 

(Or,Ab 
(Ab,Or) 

p  '^v 

P<v 

60° -H 
32°^^ 

68'^" 

45°- 

54'^ 

Albite 

Ab     . 

P<  7' 

- 

77° 

150°      '    82' 

Oligoclase-albite 

AbftAni 

P  Zv 

... 

88°  30' 

1 

Oligoclase 

Ab4Ani 

P"-.7' 

88° 

94° 

Oligoclase-andesine 

AbsAni 

P  'v 

— 

86° 

Andesine 

AbsAm 

P<v 

+ 

88° 

94° 

I^bradorite 

AbiAni 

Pl'  V 

77° 

87« 

Basic  labradorite 

AbaAn4 

p>v 

•- 

79° 

Bytownite 

AbiAn.-; 

9>V 

_' 

90°=±r 

Anorthite 

An 

p>V 

77°  30' 

85° 

- 

Inclusions.  The  feldspars  may  contain  inclusions, 
cither  gaseous,  liquid,  or  solid,  which  are  occasionally  regularly 
placed ;  but  in  general  these  are  not  at  all  characteristic.  How- 
ever, inclusions  are  sometimes  found  which  are  more  or  less 
characteristic  of  certain  varieties :  they  will  be  mentioned  in  the 
descriptions  of  the  various  species. 

.Alterations.  Feldspars  alter  in  many  different  way« 
which  may  be  classed  as  follows,  although  the  natural  conditions 
leading  to  alterations  are  too  complex  to  permit  any  simple  classi- 
fication, and  the  following  tabulation  is  intended  only  as  a  general 
statement  of  the  larger  truths. 

T.     .Alterations   of  the  zone  of  kalamorphism. 

I.     Chiefly   in   the  belt  of  weathering. 

1.  Change  to  kaolinite,  pyrophylhte,  halloysite,  etc- 

2.  Change  to  hydrargilhte,  quartz,  and  calcite. 
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2.    Chiefly  in  the  belt  of  cementation. 

1.  Change  to  zeolites. 

2.  Change  to  prehnite. 

3.  Change  to  glauconite. 

4.  Changes  of  the  belt  of  weathering,  here  subordinate. 

II.  Alterations  of  the  zone  of  anamorphism. 

1.  Change    to    damourite    (or    paragonite)    sometimes    with 

hydrargillite. 

2.  Change  to  chlorite,  or  biotite. 

3.  Change  to  quartz,  calcite,  and  epidote. 

4.  Change  to  albite,  zoisite,  muscovitc,  and  quartz  (saussur- 

ite). 

5.  Change  to  scapolite. 

III.  Alterations  due  to  acid  fumaroles. 

1.  Change  to  tourmaline,  etc. 

2.  Change  to  alunite. 

I\'.    Alterations  due  to  alkaline  fumaroles. 

V.  Alterations  due  to  heat  alone. 

VI.  Alterations  due  to  hot  solutions. 

The  formation  of  kaolinite  is  more  frequently  found  in 
the  acid  than  in  the  basic  feldspars.  The  kaolinite  formed  is 
usually  in  very  small  flakes  which  give  a  feldspar  a  cloudy,  nearly 
opaque  appearance.  This  is  the  ordinary  method  of  origin  of 
common  clay,  although  its  concentration  in  clay  beds  is  some- 
times accomplished  by  water  transportation.  Pyrophyllite  is 
sometimes  formed  instead  of  kaolinite  by  this  method  of  decom- 
position. When  the  process  of  hydration  goes  still  further  it 
may  result  in  the  formation  of  halloysite,  montmorillonite,  or 
other  hvdrous  aluminum  silicates. 

Hydrargillite  may  be  distinguished  from  the  preceding 
alteration  products  by  the  distinctly  oblique  extinction  in  sec- 
tions perpendicular  to  the  cleavage,  and  by  common  polysyn- 
thetic  twinning.  It  is  found  especially  in  basic  igneous  rocks, 
particularly  affecting  the  microlites  of  basalts.  It  is  commonly 
accompanied  by  such  other  altcrati(Mi  products  as  quartz  and 
calcite. 

Zeolites  may  result  from  the  alteration  of  feldspars 
especially  in  basic  rocks.  The  alteration  sometimes  involves 
solution,  more  or  less  transportation,  and  deposition  in  amygda- 
loidal  cavities.  In  some  cases  the  change  is  indirect;  dipyre  may 
form  from  the  feldspar,  and  then  give  place  to  some  zeolite;  or, 
again,  the  zeolitization  may  begin  in  nepheline,  or  a  related  min- 
eral, and  gradually  encroach  on  the  feldspar. 
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The  alteration  to  prehnite  resembles  the  change  to  leo* 
lites,  with  which  the  former  is  often  associated.  Calcite  and 
quartz  may  also  be  formed  under  nearly  the  same  conditions. 

The  alteration  to  glauconite  is  found  in  limestones,  in 
which  the  clastic  grains  of  ortlioclase  are  sometimes  impregnated 
with  lamella;  of  glauconite  which  gradually  transform  the  whole 
grain  to  an  aggregate  of  very  fine,  green  laminas.  This  altera- 
tion occurs  today  at  the  bottom  of  the  sea  under  conditions  which 
are  not  abnormal ;  glauconite '  of  the  Tertiary  limestones  is  prob- 
ably ia  part  o£  the  same  origin. 

I  The  alteratioa  of  the  feldspars  to  mica  is  commoa. 

especially  in  the  acid  members  of  the 'group.  The  resultant  mka 
is  usually  damoiirile,  that  is,  a  inuscovite  with  a  small  optic  ang^e. 
The  flakes  of  mica  arc  often  of  submicroscopic  size;  th^  fbnn 
first  along  the  cleavage  planes.  The  mica  is  apparently  sone- 
tiines  paragonite.  It  is  soiuetimcs  accompanied  by  the  formatian 
of  secondary  hydrargillite,  quartz,  and  calcite.  In  pegmatite  it 
may  be  accompanied  by  secondary  quartz  and  albite. 

The  alteration  of  feldspars  to  some  form  of  chlorite  is 
not  uncommonly  seen  in  highly  altered  rodts;  it  is  usually  con- 
fined to  the  basic  feldspars.  All  stages  of  the  transformatknt  can 
be  found.  A  similar  process  probably  leads  sometimes  to  the 
fonnation  of  biotite.  These  minerals  cannot  form  exclusively 
from  feldspars;  iron  and  magnesia  are  obtained  from  adjoining 
minerals. 

The  alteration  of  feldspar  to  a  mass  of  quartz,  calcite, 
and  epidote  is  common.  Such  alterations  are  nearly  always 
accompanied  or  followed  by  the  introduction  of  more  or  less  iron, 
chiefly  as  limonite. 

Saussuritization  is  a  process  confined  to  regions  of 
dynamic  metamorphism.  It  is  often  accompanied  by  a  banded 
schistose  structure  due  to  the  pressure  which  the  rocks  have 
undergone.  It  is  a  change  which  is  known  to  affect  gabbros 
only.  The  basic  feldspars  of  these  rocks  are  thereby  transformed 
to  masses  containing  zoisite,  epidote,  some  acid  feldspar,  and 
quartz,  with  tremolite  or  actinolite,  sometimes  with  garnet  and 
rutile,  more  rarely  scapolite  and  calcite.     The  pyroxene  of  the 

rough  the  agency 
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gabbro  is  changed  at  the  same  time  to  g^een  amphibole  or  to 
glaticophane.  •  • 

The  alteration  to  scapolite  has  been  studied  in  great 
detail  in  the  rocks  of  the  Pyrenees  by  Lacroix^.  The  peculiar 
feature  of  the  process  is  that  a  single  crystal  of  dipyre  may  form 
from  a  large  number  of  feldspar  crystals  thus  giving  rise  to  a 
rock  of  much  coarser  grain  than  its  parent.  This  alteration  may 
be  due  to  regional  metamorphism  in  some  cases,  but  Lacroix  has 
found  abundant  evidence  that  it  is  not  always  due  to  this  cause. 
It  is  nearly  always  accompanied  by  the  uralitization  of  the  pyr- 
oxene. 

Acid  fumaroles  change  feldspars  to  tourmaline,  to  cassit- 
terite,  to  kaolinite  with  cassiterite,  etc.  In  other  cases  the  process 
results  in  the  formation  of  alunite,  often  with  native  sulphur. 
The  results  of  the  action  of  alkaline  fumaroles  are  not  so  easily 
recognized.  They  may  be  seen  in  rock  fragments  enclosed  within 
acid  volcanic  rocks.  The  feldspars  of  these  fragments  are  often 
corroded  and  then  enlarged  by  a  new  growth  of  soda-orthoclase 
oriented  on  the  old  feldspar. 

Alterations  due  to  heat  alone  result  in  the  opening  of 
the  feldspars  along  their  cleavage  planes  and  their  partial  fusion 
and  recrystallization.  This  process  often  charges  the  feldspars 
with  gaseous  and  vitreous  inclusions;  it  also  changes  normal 
orthoclase  to  the  abnormal  type. 

It  is  noticeable  that  the  same  nainerals  occur  as  alteration 
products  under  different  conditions  in  the  foregoing  divisions. 
This  is  due  largely  to  the  fact  that  all  the  factors  producing 
alteration  cannot  be  stated  in  a  simple  classification.  Thus,  it 
has  been  recently  shown  that  hot  solutions  produce  alterations 
that  are  to  some  extent  independent  of  depth.  The  chief  prod- 
ucts of  such  alterations  are  quartz,  damourite  (or  sericite),  chlo- 
rite, albite,  and  adularia.  The  alterations  due  to  fumaroles  are 
also  abnormal  products  in  the  zone  of  katamorphism. 

Alterations  of  feldspar  may  be  followed  by  regeneration 
of  the  same  or,  more  commonly,  another  variety  of  feldspar. 
In  this  way  feldspar  grains  or  crystals  are  sometimes  much  en- 
larged. The  new  feldspar  is  fresh  and  glassy,  while  the  old  is 
more  or  less  permeated  by  alteration  products.  The  old  feldspar 
may  be  abnormal  orthoclase  and  the  new  normal  orthoclase;  the 
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old  may  be  calcosodic  feldspar  and  the  new  pure  albite,  or  < 
ladularia.     Such  changes  occur  in  all  kinds  of  rocks. 

OCCUXKENCE.  The  feldspars  are  the  most  abundant  and 
most  widely  distributed  minerals  of  the  earth's  crust.  Th^ 
serve  as  a  basis  of  classification  of  the  igneous  rocks;  they  are 
almost  as  abundunt  in  the  metaniorphic  rocks,  and  even  the  setti- 
mentary  rocks  often  contain  dastic  feldspars.  They  are  a  mir- 
mal  product  of  crystallization  of  aHi  'die  common  i^eous  mag-  t 
mas;  they  are  a  common  product  of  metanK»phism,  both  ocn- 
tact  and  regional;  finally,  they  are  often  fonned  in  veins  fTpm- 
hot  solutions,  and  in  pegmatite  dikes  uqder  aqueo-igneous  con- 
ditions. 

Diagnostics.    Feldspars  are  the  most  abundant  color- 
less constituents  of  igaeotis  rocks;  they  are  distinguished  frooi   , 
quartz  by  the  presence  of  cleavage  and  twinning  and  by  Hieir    , 
biaxial  character.    They  are  also  characterized  by  low  refrm- 
gence  and  weak  birefringence.    They  alter  readily,  as  described 
above.     To  distinguish  between  the  various  feldspar,  recourse 
must  be  had  to  the  extinction  angles  in  various  sections  or  zones, 
to  the  optic  sign,  to  the  presence  or  absence  of  pc4]4ynthettc  - 
twinning  (plagioclase  or  orthodase),  to  the  refringence  (especr 
ially  as  compared  with  quartz  by  the  Becke  method),  to  the  bire- 
fringence (especially  anorthite),  to  the  specific  gravity,  or  to 
the  precise  chemical  composition.    Still  other  means  are  occasion- 
ally available:  those  of  importance  will  be  mentioned  in  the  de- 
scription of  each  species. 

fa)  Extinctions  on  the  base  and  brachypinacoid. 
Schuster*  and  Mallard  established  the  relations  exist- 
injj  between  the  extinction  angles  on  the  base  and  the  brachy- 
pinacoid, and  the  changing  acidity  of  the  plagioclases  (p.  2iz). 
The  prevalence  of  favorable  cleavages  renders  it  a  simple  matter 
to  obtain  plates  parallel  to  these  faces.  For  purposes  of  deter- 
mination it  is  usually  necessary  only  to  make  a  coarse  powder 
from  one  of  the  crystals,  from  which  may  be  selected  such  cleav- 
age fragments  as  afford  these  two  directions.  These  mav  be 
distinguished  not  only  by  the  difference  in  the  facility  of  the 
cleavage  but  also  by  the  different  interference  figures  given  in 
convergent  light.     Oeavage  pieces   parallel    to   ooi    will   appear 

r    d1?    opHsrhe    Orl^ntlrunf;   dcr   Plai^loolasi'.    ilin.    Pet.    Ultt.    (Tidier- 
Hor.   if  in.   Proner.   1881, 
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larger  and  more  abundant  than  those  parallel  to  010.  They  will 
be  apt  to  show  some  trace  of  the  albite  striation,  and  they  will 
never  show  a  bisectrix,  but  instead  will  exhibit  the  indefinite 
extinction  characteristic  of  Y.  Anorthite  comes  nearest  to  exhib- 
iting a  bisectrix  in  a  basal  section.  On  the  contrary  cleavage 
fragments  parallel  to  010  are  likely  to  have  two  straight  parallel 
edges,  caused  by  the  easy  basal  cleavage.  These  should  not  be 
confounded  with  basal  fragments  bounded  by  the  brachypina- 
coidal  cleavages.  At  the  same  time  if  the  fragments  be  parallel 
to  010  they  will  invariably  reveal  a  bisectrix  Z  either  perpendic- 
ular or  somewhat  inclined  to  the  axis  of  the  microscope  when 
examined  in  convergent  light.  To  this  statement  the  basic  plagio- 
clases  (labradorite  to  anorthite)  may  be  considered  an  excep- 
tion, inasmuch  as  the  inclination  of  the  axis  Z  is  so  great  that 
the  point  at  which  it  pierces  the  plane  of  the  section  is  outside 
of  the  field  of  the  microscope.  But  a  test  will  still  show  that 
the  nearest  bisectrix  is  Z. 

When  the  examination  has  to  do  with  the  microlitic 
feldspars  of  the  second  consolidation,  it  is  usually  impossible  to 
obtain  cleavage  fragments  for  the  foregoing  process.  It  is  then 
necessary  to  search  for  favorable  sections  cut  at  random  in  a 
thin  section  of  the  rock  when  the  same  distinctions  are  to  be  ob- 
served, or  resort  may  be  had  to  the  methods  mentioned  below. 
Sections  parallel  to  010  do  not  show  the  albite  twinning  lines. 

In  general,  when  the  extinction  angles  on  both  001  and 
010  are  large  that  fact  indicates  bytownite  or  anorthite;  when 
both  are  small  the  feldspar  is  either  oligoclase  or  andesine.  In- 
termediate extinction  angles  are  seen  in  albite  and  labradorite; 
while  the  potash  and  soda-potash  feldspars  have  extinction  on 
001  practically  parallel  to  the  cleavages  (except  microcline  which 
has  extinction  at  15**  30'),  and  on  010  their  extinction  varies 
from  5*  to  9*. 

The  extinction  angles  of  the  feldspars  on  the  base  and 
the  brachypinacoid  (or  clinopinacoid)  are  given  in  the  table  on 
page  212. 

(b)     The  Statistical  Method. 

The  method  proposed  by  Michel  Levy,  often  designated 
the  statistical  method*,  is  applicable  to  all  cases  in  which  cleavage 
pieces  of  sufficient  size  cannot  be  obtained,  but  in  which  still 


*  De  Temploi  da  microscope  polarlsant  d,  Inmi^re  parallel  pour  I'^tudo  di's 
plaques  minces  dcs  roches  ^ruptlves.  Ann.  dea  Mines,  Dec.  1877,  pp.  392  to  471 
(V.  p.  461). 
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,.  -the  albitc  twinning  is  evident.  Since  the  albite  twinning  forms 
:  lamella  parallel  to  the  face  oio,  whose  edges  arc  inclined  to  each 
oilier  alternatingly  outward  and  inward,  a  thin  section  cutting' 
these  lanieUre  at  right  angles  to  oio  would  cut  them  also  at  right 
angles,  and  the  extinction  angles  on  opposite  sides  of  any  twin- 
ning line  would  be  equal,  but  of  contrary  signs  since  one  lamella 
•  is  ttinied  180°  from  the  conventional  position  about  a  line  per- 
pendicular to  OIO,  (p.  193).  In  case  the  section  be  not  cut  in  a 
plsne  perpendicular  to  010  the  extinction  on  one  side  of  the  twJD- 
aing  line  is  greater  than  on  the  other.  The  method  consists  in 
finding  tlie  niaximum  equal  extinctions  on  opposite  sides  of  an 
sibite  twimiing  line.  All  sections  that  have  equal  extinctions  on 
adjacent  sides  of  a  twinning  line  in  the  same  species,  are  cut 
perpendicular  to  the  face  oio;  but  only  one  of  these  affords  the 
maximum  equal  extinctions.  The  position  of  the  plane  which 
affords  the  maximum  extinctions  in  the  zone  i>erpendicular  to 
OIO,  is  different  for  the  different  species,  and  the  maxima,  also 
differ  for  the  different  species.  When  this  maximum  has  been 
found  it  serves  for  the  index  to  tlic  species  according  to  the  tabu- 
lation on  page  212. 

In  the  application  of  this  method  it  is  not  necessary  to 
examine  all  sections  of  the  feldspars  at  random,  but  by  certain 
guides  these  in  the  zonal  position  can  be  selected,  (i)  It  is  the 
zone  of  symmetry  of  the  albite  twinning,  and  the  alternate  lamel- 
la extinguish  at  the  same  angle.  (2)  Since  the  sections  of  this 
zone  are  perpendicular  to  the  composition  face  of  the  albite 
twinning,  these  twinning  lines  are  extremely  fine,  and  remain 
immovable  when  the  focus  of  a  high  power  objective  is  raised 
through  the  thickness  of  the  section.  Such  sections  are  also 
perpendicular  to  the  feldspathic  microlites,  which  seem  to  be 
elongated  parallel  to  the  albite  twinning  lines,  because  they  are 
flattened  parallel  to  010  (see  tignres  74  and  75).  (3)  Sections 
perpendicular  to  010  may  also  be  identified  by  the  fact  that  the 
twinned  parts  show  equal  illumination  eight  times  in  a  complete 
revolution,  viz.  four  times  when  the  twinning  line  is  parallel  with 
either  cross  hair,  and  four  times  at  45°  from  the  cross  hairs.  In 
these  positions  the  lamellic  appear  to  belong  to  a  single  crystal, 
being  separated  only  by  a  very  fine  dark  line,  sometimes  almost 
invisible.  This  test  is  extremely  delicate,  and  with  the  least 
obliquity  to  the  axis  of  the  zone  the  equal  luminosity  does  not 
appear. 
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This  method,  notwithstanding  its  tediousness,  is  one  of 
the  most  serviceable  as  well  as  most  reliable,  owing  to  the  readi- 
ness with  \thich  sections  perpendicular  to  the  plane  oio  can  be 
recognized,  and  to  the  characteristic  differences  in  the  maxima 
of  the  various  feldspars.  The  chief  obstacles  that  interfere  with  * 
its  use  are  (i)  the  possible  existence  of  two  or  more  feldspars 
in  the  same  thin  section,  and  (2),  the  possible  non-existence  of 
the  maximum  equal  extinction  in  any  of  the  crystals  cut  by  the 
random  section.  The  former  is  more  likely  to  arise  in  the  exam- 
ination of  the  acid  and  metamorphic  rocks,  and  the  latter  in  the 
case  of  a  limited  number  of  feldspar  sections  in  the  rock  cut.  In 
the  presence  of  two  or  more  feldspars,  however,  usually  they  will 
be  found  to  differ  in  transparency  or  in  mode  of  distribution,  or 
in  other  evident  optical  characters,  and  the  error  can  be  obviated. 
In  the  case  of  the  feldspathic  microlites  they  are  almost  invari- 
ably of  the  same  species  when  formed  rapidly  at  the  second  con- 
solidation. The  second  obstacle  can  only  be  reduced  by  increas- 
ing the  number  of  feldspar  sections  subjected  to  inspection. 

These  maxima,  alone,  are  sufficient  to  identify  the  oligo- 
clases  (0°  to  5°),  the  basic  andesines  (more  than  16°,  less  than 
22°),  the  labradorites  (from  22°  to  35°),  the  bytownites  (from 
35**  to  45°)  and  the  anorthites  (above  45°). 

When  the  feldspa'r  microlites  are  twinned  on  the  albite 
plan,  as  frequently  happens,  they  are  amenable  to  this  process  of 
examination.  When  they  are  simple  their  determination  is  more 
difficult.  It  has  been  proposed  by  Michel -Levy,  in  that  case,  to 
employ  the  zone  001 :  010  parallel  to  the  axis  of  which  they  have 
their  longest  dimension,  but  the  results  obtained  are  not  sufficient- 
ly characteristic  for  all  the  species.  Extinctions  of  such  micro- 
lites, referred  to  their  longer  dimension,  are  tabulated  on  page 
212. 

Microcline,  some  forms  of  labradorite,  and  albite  could 
hardly  be  distinguished  by  their  maximum  extinctions  in  simple 
microlites,  but  orthoclase,  oligoclase  and  anorthite  are  charac- 
terized by  maxima  which  are  sufficiently  distinct.  Microcline, 
however,  is  rarely  or  never  seen  in  the  condition  of  microlites, 
while  the  associations  of  labradorite  and  albite  are  so  different 
that  there  is  little  danger  of  confounding  them.  Labradorite  is 
the  commonest  product  of  the  consolidation  of  the  basic  erup- 
tives  and  albite  almost  invariably  results  from  metamorphism, 
frequently  from  the  contact  of  igneous  rocks  on  the  calcareous 
elastics. 


There  is  very  little  reason  to  expect,  side  by  side,  micro- 
lilcs  of  different  natures.  In  the  vast  majority  of  cases  the  mi- 
croUtes  are  formed  rai^dly,  and  present  a  great  pr^cmderance 
of  a  single  Bpecies  of  pbgioclase. 

(c)    Sections  perpendkuiar  to  the  bisectrices. 

This  method  of  deterniiiiation  requires  the  use  of  con- 
vergent light  and  the  careful  (^MervatkKi  of  the  interference 
Bgure  of  the  bisectrices.  It  is  well  also,  but  not  always  necessaiy, 
to  irface  a  drop  of  iodide  of  methyl,  or  of  ^ycerine,  cm  tiie  kM 
,  of  die  objective,  and  ano&er  on  the  uiq>er  lens  of  the  condenser,  .. 
in  order  that,  when  thqr  are  bo&  brought  near  the  slide  holdug 
the  section,  the  liquid  will  spread  to  tlie  right  and  left,  prododng 
practical  inimertioiL  This  increases  the  field  of  possible  obser- 
vattoo  without  deranging  die  geometric  relaticMis. 

The  details  of  this  mediod  have  been  elaborated  by . 
Fougu&*  It  may  at  first  sight  zppeiT  to  be  a  difficult  task  to  . 
obtain  sections  perpttidicular  to  the  bisectrices  Z  or  X.  But, 
when  it  is  renteiid>ered  Uiat  cleavage  pieces  or  sections  cut  paral- 
lel to  oio  will  nearly  always  show  the  axis  Z,  and  when  not  per- 
pendicular may  be  made  so  by  a  little  oblique  grindiI^;,  or  by  the 
ose  of  the  tilting  stage  of  Federov,  omstmcted  by  Nachet,  and 
also  that  the  axis  X  is  in  the  vicinity  of  the  edge  ooi :  oio,  it 
is  evident  that  but  little  manipulation  is  necessary  to  cut  a 
crystal  perpendicular  to  either  axis.  Small  transparent  crystals 
are  necessary,  or  pieces  of  larg^  crystals  bounded  by  known 
cleavages.  The  little  crystal  is  encased  in  a  ball  of  thick  Canada 
balsam  which  can  be  molded  at  will.  This  is  allowed  to  swim 
in  a  little  glass  ring.  Observed  thus  in  convergent  polarized  light 
the  crystal  is  brought  to  present  the  orientation  in  which  it  gives 
the  figure  of  the  axis  sought.  The  operation  is  facilitated  by 
the  previous  knowledge  of  its  cleavages,  and  of  the  probable 
nature  of  the  species  in  hand. 

The  axis  X  is  preferable  in  the  examination  of  the  acid 
plagioclases,  and  Z  in  that  of  the  basic.  Fouque  ascertained  by 
the  examination  of  numerous  inclined  sections  that  in  case  of 
slight  obliquity,  the  decentering  of  the  image  and  the  consequent 
error  in  the  result,  is  less  in  sections  perpendicular  to  X  than 
in  those  perpendicular  to  Z.  He  also  ascertained  that  the  error 
is  greater   (except  in  the  basic  feldspars)   when  the  inclination 

•  Contribution  k  r*tude  des  relflapaths  dea  rochea  volcanlques.  ButI,  Boc. 
UlH.  France.  Vol.  XVir,  189*.  pp.  283-611.  Also  Issued  separately  with  Inde- 
pendent pastng. 
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is  in  the  direction  of  the  trace  of  the  plane  of  the  optic  axes  than 
in  a  direction  perpendicular  to  it.  An  inclination  of  5°  removes 
the  figure  one-third  of  the  radius  of  the  field  of  the  microscope 
away  from  the  central  position.  An  inclination  of  10°  removes 
it  two-thirds  of  the  same  radius. 

When  a  bisectrix  is  found  and  its  orientation  with  re- 
spect to  X  and  Z  determined,  it  remains  to  measure  the  extinction 
angle  with  a  trace  of  a  known  crystallographic  character.  This 
angle  is  that  made  by  the  optic  plane  with  a  twinning  (albite) 
lamella,  or  with  the  cleavage  parallel  to  001.  Sections  perpen- 
dicular to  X  are  always  measured,  for  this  angle,  on  the  albite 
twinning,  or,  which  is  the  same  thing,  on  the  cleavage  010.  In 
the  case  of  sections  perpendicular  to  Z  the  same  crystallographic 
character  is  employed  in  examining  the  basic  feldspars,  but  it 
is  necessary  to  have  recourse  to  some  other  character  for  the 
acid  feldspars  in  which  the  plane  perpendicular  to  Z  is  parallel, 
or  nearly  parallel,  to  the  face  010,  rendering  the  cleavage  010 
and  the  albite  twinning  invisible.  In  such  a  case  extinction  is 
measured  on  the  cleavage  parallel  to  001  which  is  very  rarely 
wanting  in  the  acid  feldspars. 

The  extinction  angles  for  the  various  feldspars  in  sec- 
tions perpendicular  to  the  bisectrices  are  given  in  the  table  on 
page  212.  Extinction  angles  ranging  from  55°  to  88°  indicate- 
that  the  section  is  normal  to  X ;  those  between  48°  and  3°  indi- 
cate that  it  is  perpendicular  to  Z. 

The  extinction  angles  referred  to  on  the  preceding 
pages  may  be  tabulated  together  for  convenience  of  reference 
as  follows: — 
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Importtmt  exHncUon  angles  of  the  feldspars. 


Extinctkni  baaed  <m 

• 

Name 

SactUm 
1001 

■ 

Sactimi 
BOIO 

trace  of  optic  plane 

eqnal 
eztinc* 
tion 
Zone 
1010 

CKtino- 

Section 

tion 

Zone  11 0 

IX 

1  Z 

MicroUtea 

Cddan 

Qo 

+28** 

0*> 

90° 

0° 

28° 

^J■loplk•Ile 

Qo 

—  5**  to 
— 24*» 

90** 

5°-24° 

0° 

5°-24° 

Nomial 
orthodase 

0** 

+  5** 

W> 

5° 

0° 

5° 

Abnomial 
orthockie 

0^ 

+  5° 

0^ 

90*> 

0° 

5° 

Soda  ortbodaae 

0^ 

4-11** 

W7 

11° 

0°? 

11*» 

MIcrocliae 

+15^ 

+  5<» 

88** 

10° 

+19° 

16» 

mcrocUne 
•anortlioclaae 

+  2*»to 

+  9» 

89^ 

5°-8° 

Anorthodaae 

+  1^^ 

+  4*»to 
+10^ 

89° 

90 

10.2° 

Albite 

+  4« 

+20^ 

74° 

20° 

—16° 

20*> 

Oliffodate 
Hdbite 

+  2>i« 

+10><** 

84>i° 

10>i° 

—  4° 

OUgodaae 

+  2^ 

+  r 

88*» 

5° 

+  2° 

0^« 

<»igoclase 
•andeiine 

0- 

V* 

750 

3° 

+  7° 

00 

Andeaine 
-oUgoclase 

—  7? 

—  4*' 

70^ 

3° 

+16° 

Andesine 

-2>i«  • 

— 10<> 

66** 

90 

+25° 

70 

Labradorite 

-  SH"" 

—20° 

60° 

22° 

+34° 

18° 

Basic 
labradorite 

—IV 

—25° 

58j4° 

33^ 

+37° 

32« 

Bytownite 

— 18°± 

—33° 

57° 

42"^ 

+43° 

Anorthite 

—37° 

42° 

55° 

48° 

+56° 

55° 

Classification.  Since  celsian  has  recently  been  shown 
to  be  monoclinic/  and  related  to  hyalophane,  the  feldspars  may 
be  classified  as  follows: 


Monoclinic 
feldsoars 


/- 


^ 


Monoclinic  Feldspars 

Celsian 
Hyalophane 


Orthoclase 
Soda-orthoclase 


BaAl^Si^O. 


ffiBaAljSi^Og+iiKAISi^O^ 
(often    (K,,Ba)Al,Si,6,,) 


KAISi,©, 


(K,Na)AlSi,0 


3 


»J.    E.    Strandmark.    Oeol.   Foeren.   Stockh.   Forrhandl.   XXV.    p.    289.    1903. 
Summftrlzed  In  Xcmcs  Jahrh,  Min,  GeoU  Paleon,     1904.     n.  p.  175. 


CELSIAN-H  YALOPHANE 


Pseudomonoclin  ic 
feldspars 


Triclinic  Feldspars 

(  ificrocline 

■I.  Microcline-anorthoclase 
1  Anorthoclase 


'  Aibitc 

I   Oligoclase     (Ab,jAn,  to  Ab^Aiij) 
Plagiodase      J    Andesine       (Ab^An^  to  Ab^An^) 
feldspars       ,    Labradorite  (AbjAn^  to  Ab^An^) 
Bytownite     (AbjAn^  to  AbjAn^) 


KAlSijOg 

(K,Na)AJSi,Og 
(Na,K)AlSiO 


,       mNaAlSijO, 

I    +nCaAl^SijOg 


\  Anorthite 


CELSIAN. 


MONOCLIKIC 


BaAUSi  O 


a:6:c:;o.657:iro.sS4 

^  =  n5'2' 

Pays.  Chak.    Crystal  fonns  similar  to  those  of  orthoclase  (ad- 

ularia).     Twinning  according  to  Carlsbad,  Manebach,  and  Bavcno  laws. 

Cleavages  ||  ooi  and  oio.     G.  =  3-38.     H.  6.-6.5.     Infusible.     Soluble  in 

HCl. 

Opt.  Prop.    The  plane  of  the  optic  ait-  ,  .       , 

es  is  parallel  to  010;  ilie  positive  acute  bisectrix 
Z  makes  an  angle  in  this  plane  of  z8°  with  th= 
lateral  axis  a  in  the  obtuse  angle  p.  The  optic 
normal  is  therefore  perpendicular  to  the  cleav- 
age 010. 

{+)    2V  =  '&7°±: 
n,  =  i-594i    «„=1.5886    np=i.5835 

«,  —  Bp  —  0.0106 

Colorless,  or  stained  by  impurities. 
Luster  vitreous.     Colorless   in  thin   section. 

OccuK.  Celsiaii  is  distinctly  a  miner- 
al produced  by  contact  metamorphism ;  it  is 
found  in  dolomite  cut  by  trap,  associated  with 
garnet,    manganophyllite,    and    schefferite.      Rare. 

DiAC.  Distinguished  from  orthoclase 
and  hyalophane  by  the  optic  sign  and  higher  re- 
fringence.  Also  characterized  by  large  extinc- 
tion angle  in  section  parallel  to  OiO,  rather  strong 
lMrefring«nce  and  large  optic  angle;  further  by 
solubility  i^nd  high  specific  gravity. 

HYALOPHANE. 

MoNOCUNic  o:  6:  e::  0.6584: 1:05513  (K^.Ba)  Al^Si^O, . 

^=115°  34W' 
Phys.  Char.    Crystal  forms  similar  to  orthoclase   (adularia). 
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I  mi:  vfl7  P^  deav»ge   {| 
Gs>&     Difficultly    fusible. 

Tm    Tbc  plane  o(  the  optic  ax- 

_  ^fftrjir  KK  normal  to  oio. 

^■4r  oa  OIO  varies  from  — 5' 

'  witli  incrcaM  of  barium 

the  angk  is  still  greater. 

tfttpcnion  wiili  p>v  weak. 

Ce,Or,  Cc,Or^ 


^=•5469 

«,=  IM5> 

S='54'9 

^_«^  =  awso 

CslMhsi,     white. 

Colorless 

<V*i-E,     Found 

_^0  in  Sweden : 


i,S4i6 
t  5.195 
?73 
OW43 
greeni*b,     reddislt. 
tbin  section. 
doloitdie  in  manita- 
in   diloraite   else- 
mineral. 


Dtaci.     Uistinguiihed 

«.igle^  010;  . 
b  fTivity  ard  presence  of  li.ii 


rig.  M. 

OTthocIase   OpUckI   orlenutloa   of 
by   higher 


ORTHOCLASE. 

/.S86: 1:0.5559  KAlSi,0, 

1 16*  3' 
Phys.  Char.    Cr>-stals  of  orthoclase  comnionly  have  the 
6,>nii$  named  in  the  description  of  the  feldspar  group.    Carlsbad 


FlR.  9T.  S«;tlon  of  orthoclaa«  Btiow- 
In*  Curlabail  &nd  B&veno  twlnnlnc  tn 
trachyte    from    Monte    dl    Veil*.    Italy. 


FlK.   98. 

Optical  orteKtatlon   ol 

nnrnial   orthoclaae   In  a 

baaal  section. 


ORTHOCLASE 


21$ 


twinning  is  frequent;  Baveno  and  Manebach  twinning  infre- 
quent. Cleavage  perfect  ||  ooi,  very  good  |{  oio.  Other  cleav- 
ages or  parting  planes  occasionally  seen  are  1 1  i  f o  and  lOO.  H.  = 
6.     G.  —  2.55-2.58.     Fusible  at  5.     Insoluble  in  acids. 

Opt.  Prop.  Normal  Orlhodase.  The  plane  of  the  optic 
axes  and  the  obtuse  bisectrix  are  normal  to  010;  the  trace  of  the 
optic  plane  makes  an  angle  of  -j-  5°  with  the  cleavage  of  oor.  The 
angle  of' the  optic  axes  is  very  variable ;  it  seems  to  be  larger  in  or- 
thoclase  of  the  phitonic  rocks  than  in  that  of  the  volcanic.  The 
angle  2I-'  is  usually  about  60°  in  the  former.  Distinct  horizontal 
dispersion  with  p  >  v. 

f  — 1    21'  —  0°   to  70° 
H,=  1.5260      H^i::  1.5237      «p=  1.5190 

n,  —  »p  :=  0.007 
Colorless,  white,  pink,  red,  yellow,  gray,  green.    Luster 

vitreous.    Colorless  in  thin  section. 


_r   normal 

ortboclase  tn  a 

cllnopjaocolda] 


Abnormal  Orlhodase.  When  normal  orthoclase  is  highly  heated 
the  angle  of  ihe  optic  axes  gradually  diminishes  with  increasing  tempera' 
ture  until  finally  it  becomes  o"  ;  then  the  optic  axes  gradually  separate 
again  in  a  plane  perpendicular  to  the  former  position,  and  parallel  to  oic. 
This  change  is  reversible  if  the  tcnipcratnre  is  not  raised  above  6(X)''C. 
Above  that  temperature  the  change  becomes  permanent.  Orthoclase  which 
has  been  subjected  to  a  high  temperature  in  nature  therefore  shows  this 
abnormal  position  of  the  optic  axes.  In  some  cases  the  plane  of  the  optic 
nxes  may  be  perpendicular  to  oto  for  red  light  and  parallel  to  oio  for  blue 
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light    In  abnormal  urtbodase  the  angle  of  the  optic  axes  is  alway 
Inclined  ijispcrsion  slighc  with  p  >  v.    Colorless. 
(— }  2f  =  small  angle 
n,=  l.5240    H„  =  i.S239    «p  =  i.5iro 

Soda-orihoclaie.  Similar  to  normal  orihocbsc.  but  the 
lion  in  settions  parallel  to  oio  attains  I!°.  The  birefringence  is  slightly 
greater  than  in  normal  orlhoclasc,  and  the  angle  of  the  optic  axes  i&  usuallj 
larger  according  to  Lacroix,  bnt  Fouque  gives  2F  =  40° 
Colorless.    See  figure  loi. 

(-)  a^■=70•  + 

i.„  =1.5383 
»,— "b— 0-007+ 

IsorOwclasi:  Duparc  '  has  recently  dcscrcibcd  a  new  variety  of 
onhoclasc  which  he  calls  "Isortkose"  in  which  the  acute  bisectrix  is  Z, 
and  which  is  Ihercfwe  positive.  The  orientation  is  otherwise  like  that  of 
normal  orthoclasc,  the  acute  bisectrix  being  normal  lo  oio.  The  opci< 
angle  is  small,  the  hyperbolas  not  entirely  leaving  the  field.  The  extincliOD 
angle  in  sections  parallel  lo  OiO  is  from  6°  10  9°.     Colorless, 

.\lteh.  Oi^hoclase  alters  most  commonly  to  kaolinite 
or  daniouritc.  Qiiartz  and  epidotc  may  form  at  the  same  titne. 
Much  more  rarely  the  alteration  is  to  chlorite,  to  a  zeolite,  or, 
under  exceptional  conditions,  to  glauconilc,  to  tourmaline,  or  to 
altinite.  When  heated,  abnormal  orthoclase  is  produced;  when 
iuseti  and  rccrystallizcd,  soda-feldspar  is  often  produced. 

Occur.  Extremely  abundant  in  acid  igneous  rocks; 
present  in  igneous  rocks  of  intermediate  acidity ;  common  in  con- 
tact zones  and  in  metamorphic  rocks  in  general ;  found  in  clastic 
rocks,  and  in  veins.  Regular  intergrowths  of  orthoclase  and  al- 
bite  forming  the  so-called  "perthite"  are  common;  intergrowths 
of  quartz  with  orthoclase,  or  other  feldspar,  often  occur. 

DiAG.  Of  all  the  feldspars  orthoclase  has  the  smallest 
optic  angle,  though  anorthoclase  has  a  smaller  optic  angle  than 
the.  maximum  of  orthoclase;  it  has,  further,  the  lowest  specific 
gravity  and  the  lowest  refringence,  Being  monoclinic,  it  has  no 
polysynthetic  twinning,  and  the  cleavage  angle  is  exactly  90°. 

MICROCLINB. 
Triclinic  o:  tic::  0.6495: 1:0.5546  KAlSijO, 

1^90°  7'  ^  =  "5°  50' 7  =  89°  55' 
Pays.  Char.    Very  similar  to  orthoclase.    Macroscopic 


)f 


MICROCLIXE 


217 


twinning  according  to  the  Carlsbad,  Manebach,  and  Bavcno  laws ; 
microscopic  polysynthetic  twinning  constant  according  to  the 
albite  and  pericline  laws.  The  trace  of  the  composition  face  of 
the  pericline  twinning  makes  an  angle  of  +99**  '^vith  001  in  010. 
Qeavage  perfect  ||  001,  very  good  ||  010,  sometimes  distinct  || 
no,  rarely  present  less  distinctly  ||  iTo.  H.  =  6.-6.5.  G.  =  2.54- 
2.57.    Fusible  at  5.    Insoluble  in  acids. 

Opt.  Prop.    The  plane  of  the  optic  axes  and  the  obtuse 
bisectrix  arc  nearly   perpendicular  to  010;  the   negative   acute 


r-— --    010 


MICROCLINC 


fOO 


Optical    orientation    of 
microcline  in  a  basal  sec- 
tion. 


mi^fxfclirit  twinning. 

Fig.    103. 

Optical  orienta- 
tion of  microcline 
in  a  brachypinacol- 
dal  section. 


bisectrix  makes  an  angle  of  +5°  in  010  with  the  trace  of  001. 
The  extinction  angle  in  001  is  about  +I5°  measured  on  the 
cleavage  010.  The  extinction  angle  referred  to  the  trace  of  the 
optic  plane  in  a  section  normal  to  X  is  88'',  and  in  a  section  nor- 
mal to  Z  is  10°.  The  optic  angle  is  large.  Horizontal  dispersion 
notable  with  p  >  v, 

(-)  2^  =  83° 


Hg  =  1.5296   ;/m  =  1.5264   ^'p  =  1.5224 

n^  —  Mp  =  0.0072 

Color  white,  yellow^ish,  gray,  green,  red.  Colorless  in 
thin  section ;  in  thick  sections  the  variety  amazonstonc  shows  pleo- 
chroism  with  Z  colorless,  Y  sea  green,  and  X  very  pale  green. 

Pericline  twinning  in  the  plagioclase  feldspars  makes  a 
small  angle  with  001  and  is  therefore  invisible  in  sections  parallel 
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to  ooi ;  in  microcline  the 
periclioe  twinning  makes 
^>pFoxin)ately  a  r  i  ^  h  t 
angle  (+99°)  with  «" 
and  therefore  in  sections 
parallel  to  ooi  the  pericline 
twinning  (as  well  as  the  al- 
bite  twinning)  b  distinct. 
These  two  types  of  poly- 
syndietic  twinning  cross 
practically  at  right  angles 
in  sections  parallel  to  ooi 
and  produce  a  quadrille 
structure  that  is  constant 
and  quite  characteristic  of  ii^^ 
microcline. 

Alter.  Similar  to  those  of  orthoclase.  Change  to  albite 
(with  accompanying  production  of  quartz  and  muscovite)  espec- 
ially common. 

OccuB.  Similar  to  those  of  orthoclase  but  especially 
abundant  in  pegmatite.  Regular  intef^;rowths  of  microcline  witli 
other  feldspars  are  common,  especially  with  albite,  orthoclase, 
and  anorthoclase. 

Microcline-anoitboclase  |(K.Na)AISi,0^]  is  like  microcline 
in  physical  characters.  The  plane  of  the  optic  axes  is  almost  perpen- 
dicular to  010,  ami  other  optic  propcrtii's  are  similar  to  microcline  and 
anorthoclase.  The  composition  face  of  the  pericline  twinning  makes 
an  angle  of  -;-i07°  with  the  face  ooi.  The  extinction  angle  in  sections 
normal  to  Z  is  5°  to  8°  referred  to  the  trace  of  the  optic  phine.  and  in 
sections  normal  to  X  it  is  88^°.  Colorless.  (— )  2V  =  ^"-62'.  It  is  thus 
intermediate  in  oplical  characters  hetween  microcline  and  anorthoclase. 
It  is 


DiAC.  Microcline  is  characterized  by  quadrille  structure 
of  two  rectanjrtilar  polysynthetic  twinning  laws  in  sections  par- 
allel to  OOT,  with  extinction  angle  in  same  section  of  15°. 
ANORTHOCLASE. 

TRici.iNrr  a-b:r::  0.64^6:  ! : 0.5521  (Na,K).\iSi^O, 

a  =  90^°  ^—116°    l8'  v-=90°  ± 

Phvs.  Char.  Similar  to  those  of  orthoclase.  Cleavage  per- 
fect II  001.  very  easy  H  010.    H.  — 6.-6.5.    0.-2.56-2.60. 

Opt.  Prop.  The  plane  of  the  optic  axes  is  almost  perpendicular 
lo  010.     The  negative  acnte  bisectrix  makes  an  angle  of  -|-4°  to  4-10*  in 


ANORTHOCLASli 
ANORTHOCUASE. 


Figures   lD4a,   lOIb.     Optli 


010  with  tlie  trace  of  oot.     Tlic  extinciioii  angle  Ui  cluavage  pioccs  parallel 

to  001  is  1J4°,  parallel  to  oio  usually  about  9°.     The  extinction  angle 

referred  to  the  trace  of  the  optic  plane  in  sections  normal  to  Z  is  near  9°. 

normal  to  X,  89*.     Distinct  horizontal   dispersion  wilh  p>i'.     Colorless. 

{— )  2^-42=  to  54°   (rarely  32°) 

",^15305    «„=  1-5294    Up -1.5334 

«,  —  >i^  =  0.0071 

The  quadrille  or  grating  structure  which  is  constant  in  micro- 
cline  is  sometimes  absent  in  anorthoclase.  due  to  the  absence  of  pcricline 
twinning.  When  present  the  twinning  bands  are  usually  very  fine  and 
much  narrower  than  in  microcline.  The  composition  face  of  the  pericline 
twinning  makes  an  angle  of  —75°  to  —78°  with  001   in  Oio. 

The  close  relation  and  gradual  gradation  of  optical  properties 
corresponding  to  a  gradation  in  chemical  composition  which  exists  in 
the  plagioclase  feldspars  does  not  exist,  or  at  least,  has  not  yet  been  estab- 
lished, in  the  soda-potash  feldspars. 

Alter.  The  methods  and  products  of  alteration  of  anorthoclase 
are  similar  to  those  of  orthoclase. 

Occur.  Always  accompanied  by  orthoclase.  and  often  iiitcr- 
grown  regularly  with  it.     Found  in  igneous  rocks. 

Dtag.  Quadrille  strttctiire  is  not  so  common  as  in  niicrocline, 
and  the  bands  are  finer:  the  extinction  in  sections  parallel  to  001  is  near 
3*  (instead  of  15°,  as  in  microdine)  ;  the  optic  anRle  is  small;  and  the 
fnaximum  equal  extincticn  angle  in  the  ?onc  normal  to  010  is  i"  to  2". 

Plagioclaae  Subgroup. 
Phys.  Char,  The  physical  characters  of  these  min- 
erals have  been  described  with  those  of  the  feldspar  ^roiip  as  a 
whole.  Albite  twinninff  of- many  individuals  is  ahnost  always 
present.  This  twinning  is  often  combined  with  Carlsbad  twin- 
ning, less  frequently  with  Baveno,  Manebach,  etc.     Polysynthetic 
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pcrJdiae  twinning  is  aiso  common,  usually  recognizable  only  by 
the  aid  of  the  microscope. 

Albite,  oligoclase  and  andesine  are  not  affected  by  acids, 
except  by  hydrofluoric  acid;  labradorite  is  attacked  after  long 
treatment,  while  anorthite  is  easily  decomposed-  The  surface  of 
the  microscopic  preparation,  free  from  Canada  balsam,  may  be 
treated  for  several  hours  at  a  temperature  not  exceeding  40° 
(Centigrade)  in  order  to  avoid  melting  the  Canada  balsam  on 
the  other  side  by  which  it  is  adherent  to  the  glass  slide ;  anorthite 
leaves  a  skeleton  of  silica,  while  labradorite  only  shows  a  partial 
corrosion.  The  test  can  be  made  on  a  fine  powder,  and  greater 
heat  applied,  even  to  boiling  of  the  acid.  The  partial  attack  on 
labradorite  can  be  made  apparent  by  applying  to  the  slide,  after 
thorough  wasliing  in  water,  some  aniline  color  (as  malachite 
green)  which  will  permanently  color  the  gelatinous  silica. 

Opt.  Prop.  The  position  of  the  optic  elements  has  been 
given  in  the  description  of  the  feldspar  group  as  a  whole,  but  it 
may  be  repeated  that  in  the  plagioclase  series  tlie  direction  7.  of 
the  index  of  refraction  n,  is  more  or  less  nearly  perpendicular 
to  010;  therefore  a  bisectrix,  more  or  less  well  centered,  is  seen 
in  cleavage  fragments  parallel  In  010  (only  one  h)'perbola  is  seen 
in  labradorite.  bytownite  and  anorlhite) ;  Z  is  always  in  or  very 
near  the  plane  perpendicular  to  nio  and  001.  The  positions  of 
Z  and  X  are  shown  in  the  following  table : — 

Orientation  of  Z  and  X  in  the  plagioclase  feldspars. 


Angle  between  Z 

a-ss-? 

and  a  normal  to 

and  a  normal  to 

001 

010 

001 

010 

Albite 

Ab 

78' 

16° 

89° 

81° 

Oligoclase 

Ab<Aiii 

940 

1° 

W 

89° 

Oligoclase-andesine 

AbgAm 

80° 

6' 

91" 

90° 

Andesine 

Ab»An. 

69" 

17° 

83" 

86° 

Labradorite 

AbiAni 

58" 

28° 

74" 

82" 

Basic  labradorite 

AbiAn. 

50° 

37° 

67° 

7V 

Anorthite 

An 

40= 

47" 

55° 

58° 

It  will  be  seen  that  in  acid  plagioclase  X  is  approxi- 
mately parallel  to  the  intersection  of  001  and  010;  in  basic  plagio- 
clase it  varies  considerably  from  this  position.  These  facts  are 
shown  in  stereographic  projection  in  figure  105,  and  figures  109- 
"5- 

The  position  of  the  optic  elements  with  respect  to  the 
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Fig.  105.     Stereogrraphic  projection  of  the  optic  elements  of  the  plagloclase 

feldspars  on  a  plane  normal  to  c. 

simple  crystal  form  in  the  various  plagioclases  is  shown  in  clino- 
graphic  projection  in  figures  116-121,  123,  124. 

The  sign  of  the  acute  bisectrix  changes  three  times  in 
the  plagioclase  series  (see  table,  page  202,  and  figure  94)  ;  the  dis- 
persion of  the  axes  is  p  <  z;  about  Z  from  albite  to  andesinc,  and 
p  >  z;  from  labradorite  to  anorthite,  with  varying  inclined,  hori- 
zontal or  crossed  dispersion  in  the  various  types,  at  least  two 
kinds  of  dispersion  being  shown  by  each  type. 

The  indices  of  refraction  increase  with  the  increasing 
percentage   of   lime;    the    birefringence    decreases    from    albite 
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(0009)  to  andesine  (0.0065)  and  then'  increases  to  anorthite 
(ox>i3o).    See  page  aoi  and  figure  94. 

DxAG.  (a).    Sections  perpendicular  to  the  axis  Y. 

M.  de  Federov  has  studied  the  extinctions  in  sections 
peipendicttlar  to  the  axis  Y.  They  present  the  highest  colors 
between  crossed  nicols,  and  a  somewhat  characteristic  figure  in 
toovergcnt  lig^  (p.  87). 

As  shown  by  a  general  epures  of  Michel  Levy  (figures 
109-115)  and  the  tabulation  below,  they  vary  from  albite  to 
andesine  inclusive,  from  +2^  to  — ^3^.  Th^  are  not  therefore 
safficiently  characteristic  to  separate  the  acid  andesines  from  the 
albiles.  The  basic  feldspars,  on  the  contrary,  ranging  from  — ^3^ 
(andesine  AbsAn,)  to  — lo""  for  labradorite,  and  to  — ^36^  for 
anorthite,  are  susceptible  of  distinction  in  these  sections.     It 

therefore, 'that  very  diverse  methods  succeed  in  this 
series  and  generally  fail  in  the  acid  series.  Still  the  sections 
of  maximum  birefringence  are  capable  of  rendering  service, 
especially  in  the  absence  of  twinning. 

(b)     Sections  perpendicular  to  the  optic  axes, 

M.  de  Federov  has  also  given  the  extinction  angles  on 
the  optic  axes  in  simple  crystals  ( i )  ;  and  to  these  Michel  Levy 
has  added  those  of  twinned  crystals,  both  those  of  the  Carlsbad 
lj*pc  and  those  of  the  albite.  The  numerals  (i)  and  (i')  are 
made  to  represent  the  two  indivichials  of  the  albite  twinned  crys- 
tals, and  (2),  (2)  the  two  adjacent  albite  individuals  of  a  Carls- 
bad twinned  crystal.  It  is  evident  that  the  parts  (i),  (i')  may 
belong  to  one  or  the  other  of  the  parts  (2),  (2),  These  extinc- 
tion angles  for  each  optic  axis  are  given  in  the  tabulation  below. 


I'xtinctiofi  angles 

'  iM  sec 

tiott  normal  it 

>  A,  B, 

or  Y  1 

f;i  plagioclase  feldspars. 

Name 

Approx. 
Comp. 

Sec- 
tion 

1A(1) 

4-62° 
90** 

-82° 

-  71° 

49° 

-20° 

1 
(D       (2) 

C2') 

4-28° 

4-25° 

4-22° 

4-35° 
4-27° 
4-15° 

Sec- 
tion 

1B(1) 

4-63° 
90° 

-82° 

69° 

—57° 
—62° 

(1') 

^2) 

4-45° 
-35° 

—17° 

—  6° 
4-  3° 

4-47° 

Sec- 
(20      tion 
lY 

Albite 

Oligoclase 

OUgoclase- 
andesine 

Andesine 

l^bradorite 

Anorthite 

Ab 
Ab4Ani 

AbsAni 

AbsAns 

AbiAni 

An 

4-37° 
0° 

-40° 

—48° 
-^0° 
—53° 

4-30° 

4-25° 

4-22° 

4-15° 
4-10° 
-25° 

-h40° 
90° 

_^2° 

—31° 
—23° 
—12° 

—32° 
—25° 

—16' 

0° 

4-14° 
—56° 

4-  2° 
■t.^° 

0° 

-  3° 
—10° 
-36° 

Albite  twin 

Albite  twin 

Albite  twin 

Albite  twin 

Carlsbad  twin 

Carlsbad  twin 

L 


A  and  B  in  the  above  table  designate  the  two  optic  axes. 
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The  angles  given  in  the  first,  second,  fifth,  and  sixth  columns 
{«.  c,  lA  (i),  and  (f),  IS  (i)  and  (1')]  refer  to  the  extinc- 
tion as  measured  from  the  trace  of  the  optic  plane. 

fc)  Sections  parallel  to  the  brachypiitacoid  010. 
In  random  rock  sections  those  grains  or  crystals  of 
feldspars  which  are  cut  parallel  to  010  have  certain  properties 
which  permit  their  identification  in  many  cases.  Extinction  angles 
in  such  sections  are  very  characteristic  throughout  the  plagioclase 
series  and  the  identification  of  such  sections  becomes  a  matter  of 
importance.  Since  they  are  parallel  to  010  they  can  exhibit  only 
one  cleavage,  the  basal.  Further,  such  sections  cannot  show  the 
albite  twinning  lamella;  since  they  are  parallel  to  the  albite  com- 
position face.  In  a  thin  section  0.02  mm.  in  thickness,  if  the  sec- 
tion is  only  approximately  parallel  to  010  so  that  two  albite  lamel- 
la overlap  through  a  distance  of  0.3  mm.,  the  section  varies  less 
than  4°  from  strict  parallelism,  and  may  be  used  by  allowing  for 
an  error  of  about  ±2°  in  the  results.  Sections  parallel  to  010 
are  also  parallel  to  the  composition  face  of  the  Carlsbad  twins, 
but  in  this  case  the  junction  of  the  twins  is  usually  not  a  plane; 
there  is  an  irregular  interpenet ration,  and  therefore  sections 
rigorously  parallel  to  ore  very  often  show  two  individuals  of 
Carlsbad  twinning  in  contact  along  an  irregular  line  and  partly 
superposed.  The  basal  cleavages  in  such  twins  will  make  an  angle 
of  128°  (or  52°).  Again,  sections  parallel  to  010  may  sometimes 
be  recc^ized  by  means  of  contours  of  the  zones  of  increment 
or  the  external  contours.  These  contours  are  formed  by  the 
following  faces,  given  in  ihe  onlcr  of  their  frequence,  001,  201, 
loi.  110,  ifo,  20t,  and  203.  The  angles  made  by  these  faces  in 
section  9IO  are  shown  in  figure  106.  Sec- 
tions parallel  to  010  are  nearly  perpendic- 
ular to  the  bisectrix  Z  in  albite,  oligoclasc, 
and  andesine ;  in  the  more  basic  plagio- 
clascs  the  interference  figure  departs  more 
and  more  from  the  bii^ectrix  Z  and  ap- 
proaches the  optic  axis  A.  but  Z  is  in  all 
the  cases  the  nearest  bisectrix.  Sections 
parallel  to  010  are  nearly  perpendicular  to 
the  basal  cleavage ;  this  cleavage  is  always 
near  (o'-^B')   the  negative  direction  (X'l  Fig.  10s. 

of  extinction,  and  also  near  (o°-20°)  the  conioura  or  aect 
composition  face  of  the  pericline  twinning.      Uj^^'^'pa"-  parallel 


Pcricline  twinning  bands  are  usually  much  finer  than  albite  twin- 
ning bands,  and  are  not  as  abundant  in  most  cases. 

When  the  position  of  the  basal  cleavage  and  some  face 
of  the  vertical  zone  (as  no)  can 
be  determined  the  sign  of  the 
extinction  angle  is  given  by  the 
rule  that  positive  extinction  an- 
gles occur  ill  the  obtuse  angle  ^ 
and  negative  Jn  the  acute  anglu 
/?,  The  sign  of  the  extinction 
angle  can  also  be  determined 
when  the  section  parallel  to  oio 
is  ait  so  as  to  show  two  parts  of 
a  Carlsbad  twin.     In  such  a  rn^c 


AlbiU  ah. 


Oligoelase  a6,  on, 
Oligof.lai*  afr,  ojii 
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the  line  bisecting  the  angle  between  the  basal  cleavages  in  the 
two  parts  should  also  bisect  the  angle  between  the  negative  direc- 
tions (X)  of  extinction  in  the  two  parts,  as  in  figure  107.  The 
angle  (co)  between  these  two  positions  will  then  determine  the 
sign  of  the  angle  of  extinction  in  010,  as  follows : — 

For  albite  a>=i68**;  extinction  in  010  is  at  +  20"^- 
For  oligoclase  a>=i28°;  extinction  in  010  is  at  o*^. 
For  andesine  a>=ii2°;  extinction  in  010  is  at  — 8°. 
For  labradorite  a>  =  96° ;  extinction  in  010  is  at  —  16°. 
For  anorthite  cu  =  54°;  extinction  in  010  is  at  — 37°. 

.The  extinction  angles  of  the  plagioclase  feldspars  in 
sections  parallel  to  010  are  shown  graphically  in  figure  108. 

In  certain  rare  cases  the  albite  twinning  is  absent,"  while 
the  pcricline  twinning  is  well  developed.  Since  it  is  difficult  to 
recognize  such  cases  it  is  very  fortunate  that  they  are  quite 
uncommon.  Extinction  angles  measured  on  the  trace  of  the 
pericline  twinning^  may  be  tabulated  as  follows: — 

Extinction  angles  on  the  pericline  twinning  in  plagioclase  feldspars. 


Name 

Sec- 
tion 

1Z(1) 

(10 
1° 

Sec- 
tion 

1Y(1) 

-13° 

(10 

-16.5° 

Sec- 
tion 

1X(1) 

+77° 

—76° 

Sec- 
tion 

1A(1) 

+  5.5° 

(10 

Sec- 
tion 

1B(1) 

-10.5° 

(1) 

Albite 

-  3° 

+41° 

-35.5^ 

Oligoclase 

Oligoclase- 
andesine 

-  3° 

4.5° 

3.5° 

4° 

—27° 

-86.5° 
-  75.5° 

+89.5° 

+85° 

-    4.5° 
10.5° 

—61° 
-43.5° 

0^^ 

4° 

+  30^ 
+49.5° 

Andesine 

—  7° 

-  0° 

16' 

-66.5° 

+67° 

21° 

-33° 

+12.5° 

+42.5° 

Labradorite 

—  8" 

+  7.5°     120 

-34° 

—57.5° 

+57° 

25.5° 

-23.5° 

+ 19.5° 

+66^ 

Basic 

labradorite 

+ 17.5° 

+12° 

—20° 

68° 

-49.5° 

+  42° 

-38° 

-17° 

+ 15.5° 

+49.5° 

Anorthite 

—33.5° 

-fl9.5° 

-  24.5 

+76.5° 

■^~«Jti.O 

+21° 

-57° 

-17° 

-35°     +13° 

• 

Peri 
t^ 

cline 
rin 

Peril 
tw 

cline 
In 

Peri 
tw 

eline 
in 

Peril 
tw 

cline 
in 

Peric 
tw 

rline 

in 

The  angle  made  in  010  with  the  trace  of  001  by  the  com- 
position face  (or  rhombic  section — see  ]).  [94)  of  this  twinning  is 
shown  in  figure  87. 

Michel  Levy  has  platted  the  optical  properties  of  the 
various  plagioclase  feldspars  in  a  series  of  ingenious  and  valuable 
stereographic  projections.  They  are  reproduced  in  figures  109- 
115.     These  projections  not  only  show  the  extinction  angle  of 


^  Compter   Rendua.      1901.     CXXXIII.    p.   i\0. 
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any  section  whose  orientation  is  known,  but  also  show  the  com- 
plete range  of  extinction  angles  in  practically  any  zone.  Thus, 
the  extinction  angles  in  the  zone  normal  to  oio  (=:  maximum 
equal  extinction)  are  to  be  found  along  the  vertical  diameter  in 
each  case.  Again,  the  extinction  angles  of  the  vertical  zone  are 
given  along  the  circumference  of  the  circle.  The  extinction  angles 
of  any  other  zone  whose  axis  is  in  oio  are  given  along  the  vari- 
ous meridians  and  parallels. 

In  stereographic  projections,  as  explained  on  page  25 
the  pole  of  any  face  is  located  by  a  double  projection,  first  upon 
the  surface  of  an  enclosing  sphere  along  a  radius,  and  second 
upon  the  equatorial  plane  of  the  sphere  along  lines  leading  to 
the  south  pole.  The  equatorial  plane  of  projection  is  commonly 
(as  in  this  case)  chosen  as  the  plane  normal  to  the  prismatic  zone. 
The  poles  of  the  prism  faces  are  therefore  found  in  the  circum- 
ference of  the  plane  of  projection.  The  pole  of  the  base  is  not 
far  from  the  center,  in  the  lower  right  hand  quadrant.  The  poles 
of  some  other  crystal  faces  are  also  expressed.  The  entire  sur- 
face is  divided  by  meridians  and  parallels  into  quadrangular  areas 
having  arcs  of  five  degrees.  The  meridians  running  from  right 
to  left  all  pass  through  the  poles  010  and  oTo.  The  parallels 
which  surround  the  poles  are  the  various  stereographic  projections 
of  planes  inclined  to  010  at  intervals  of  5* ;  but  in  the  zone  whose 
axis  is  normal  to  c  and  parallel  to  010.  The  trace  of  the  optic 
l)lane  is  shown  by  the  heavy  black  line  passing  through  the  loci 
of  the  optic  axes  A  and  B  and  the  bisectrices  X  and  Z.  The  other 
lieavy  lines  show  the  planes  connecting  Y  with  the  bisectrices. 
About  the  axes  X,  Y,  Z  are  double  curves  in  broken  lines.  These 
imite  the  poles  of  sections  having  the  same  birefringence.  About 
the  optic  axes  the  first  curve  shows  the  birefringence  0.0025. 
Then  come  the  curves  0.0035  to  0.0085.  The  last  surrounds  the 
optic  normal  Y.  At  the  principal  intersections  of  the  meridians 
and  parallels  are  figures  which  give  in  degrees  the  angles  of  ex- 
tinction for  sections  parallel  to  planes  whose  poles  are  at  those 
intersections.  These  extinction  angles  vary  from  o**  to  go**,  since 
they  are  measured  in  all  cases  to  the  trace  of  the  optic  plane.  The 
sign  of  these  angles  is  determined  by  Schuster's  rule  (see  page 
T06>. 

The  fine  dotted  lines  unite  poles  of  sections  giving  the 
same  extinction  angles.  The  curves  composed  of  crosses  sep- 
arate the  negative  from  the  positive  extinctions,  and  coincide 
with  the  curv-es  of  0°  extinction. 
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The  various  planes  of  a  zone  whose  axis  is  in  010  and 
oblique  to  c  have  their  poles  on  a  meridian  extending  between 
the  poles  010  and  olo.  The  numbers  that  are  seen  along  this 
meridian  express  the  extinction  angles  for  the  different  planes 
of  such  a  zone.  The  greater  the  inclination  of  the  zonal  axis 
the  greater  the  separation  of  its  meridian  from  the  horizontal 
diameter  of  the  projection. 

Day  and  Allen*  have  recently  contributed  important  evi- 
dence that  the  plagioclase  feldspars  are  actually  isomorphous 
mixtures  of  two  end  compounds,  albite  and  anorthite.  It  ?s 
also  shown  that  they  are  solid  solutions,  and  that  the  components 
Rre  miscible  in  all  proportions  in  .both  the  solid  and  liquid  phases. 
These  conclusions  have  been  reached  by  means  of  careful  study 
of  the  fusing  points  and  sjyecific  gravities  of  the  minerals. 

There  is  some  difference  in  practice  as  to  the  ex&ct 
nomenclature  of  the  plagioclases.  The  following  table  shows 
the  nomenclature  adopted  (which  is  that  of  Lacroix,  with  the 
single  exception  that  Ab^An^  is  called  basic  labradorite  as  is  done 
by  Michel  Levy)  together  with  those  of  certain  authors  who  have 
made  special  studies  of  the  feldspar  group:  it  shows,  further, 
the  theoretical  chemical  composition,  the  specific  gravity,  and  the 
fusing  points  of  the  various  species. 


» Amer.  Jour.  8ci.  1J)05.  XIX.  p.  9.3. 
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NaAlSLO, 


ALBITE. 
iKic  a:i:f::o.6333:  1:0.5572 

a  =  94°  3'  /3  =  116°  27'  7-88°  9' 
Phvs.  Char.  Crystals  show  the  fomi  and  habits  com 
moil  to  the  feldspar  group. 
They  arc  often  tabular  !1 
010,  !*iimetiines  elongated  || 
c.  and  sometimes  parallel  to 
intersection  of  010  and 
lot.  When  pericline  twin- 
ning is  present  the  crystals 
are  often  elongated  ||  b,  oi* 
tabular  [)  i^oi-  Also  found 
in  lamellar  or  granular 
masses.  '  Cleavage  perfect 
II  001.  somewhat  imperfect 
ii  010,  imperfect  ||  no. 
Fracture  uneven  nr  con- 
clioidal.  Twinning  of  the 
albitc  type  nearly  always 
present ;  this  may  be  com- 
bined with  other  tj'pe.s  es- 
pecially the  Carlsbad  or 
pericline.  B  a  v  e  n  o  and 
Manebach  twinning  un- 
conmion.  Esterej  twinning, 
in  which  the  twinning  axis 
is  the  axis  a  and  the  com- 
position face  is  the  base, 
occurs  rarely.  Roc  Tonrne 
twinning  is  a  type  common 
in  the  metamorphosed  lime- 
stones. It  consists  of  two 
groups  of  crystals,  each 
twinned  on  the  albite  law, 
which  are  again  twinned  as 
groups  according  to  the  same  law.  These  groups  interpenetrate 
in  such  a  way  that  their  composition  faces,  if  one  were  present 
would  be  a  plane  parallel  to  c  and  normal  to  010.  H.  —  6.-6.5 
G.  =  2.62  to  2.63  (2.6  artificial  crystals).  Insoluble.  Fusibl 
at  4 


Fig.  116.  Opilcal  <. 
bite  (Ab).  Cryatal  llmiled  by  001.  Olfl 
and  100.  The  dotted  plane  la  tli< 
optic  plane. 
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Orx.  Prop.  A  plane  perpendicular  to  the  aeute  bisectrix 
makes  an  angle  of  loi*  to  102°  with  001  and  cuts  the  acute  angle 
lietween  001  and  010.  The  acute  bisectrix  makes  an  angle  of  15° 
with  a  normal  to  010.  The  extinction  angle  in  010  is  +20°  to 
-r2i' ;  in  001  it  is  +3*^  to  +4°.  The  extinction  angle  in  a  section 
normal  to  Z  is  20°,  and  in  a  section  normal  to  X  it  is  74** 
when  measured  to  the  optic  plane.  The  maximum  angle  of 
equal  extinction  in  the  zone  normal  to  010  is  — 16°.  Other 
extinction  angles  are  given  in  preceding  tables.  The  acute 
l:>isectrix  is  positive.  In  sections  normal  to  Z  the  acute  bisectrix, 
the  dispersion  of  the  optic  axes  is  p  <  z\  distinct  in  one  axis, 
indistinct  in  the  other.  In  the  same  sections  there  is  verv  weak 
horizontal  dispersion  combined  with  strong  dispersion  of  the 
bisectrices. 

+  2V  =  77° 

«g=  1.540  Na  (ML  and  Lx)      =1.5331  Na  (Zimanyi) 

fin^  =  1.534  Na  (ML  and  Lx)      =1.5287  Na  (Zimanyi) 

tip  =1.532  Na  (ML  and  Lx)      =  1.5392  Na  (Zimanyi) 
»g  —  Wp  =  0.009  (direct  measure.  ML  and  Lx) 

Color  white,  bluish,  gray,  reddish,  greenish ;  sometimes 
opalescent  on  001.    Luster  vitreous.     Colorless  in  thin  section. 

Alter.  The  modes  and  products  of  alteration  of  albite 
are  those  common  to  the  group. 

Occur.  Albite  is  found  in  many  crystalline  rocks,  but 
is  rare  as  a  primary  constituent  of  igneous  rocks.  It  is  formed 
by  the  alteration  of  analcite,  and  also  by  the  metamorphism  of 
other  feldspars  in  the  process  of  saussuritization.  It  is  often  an 
abundant  constituent  of  crystalline  schists.  It  forms  an  important 
part  of  many  veins,  both  metalliferous  and  non-metalliferous, 
where  it  has  been  formed  by  hydrothermal  action.  Finally  it 
occurs  occasionally  in  sedimentary  limestones. 

DiAG.  Distinguished  from  preceding  feldspars  by  pres- 
ence of  albite  (and  sometimes  pericline)  twinning,  and  absence 
of  the  quadrille  structure  of  microcline.  Differs  from  the  other 
plagioclase  feldspars  in  specific  gravity  and  optic  properties  as 
shown  in  the  preceding  tables. 


s  the  optic  plane. 
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and  an  angle  of  75**  to  90^  with  a  normal  to  010.  The  extinction 
angle  in  001  is  0°  to  +2.5**,  and  in  010  is  o**  to  +^5°-  The  ex- 
tinction angle  referred  to  the  optic  plane  in  a  section  normal  to 
Z  is  3**  to  15°,  and  in  a  section  normal  to  X  is  75°  to  88**.  The 
maximum  angle  of  equal  extinction  in  the  zone  normal  to  010  is 
— lo**  to  +7°.  Other  extinction  angles,  and  the  relation  of  these 
to  the  composition,  are  given  in  preceding  tables.  The  acute 
bisectrix  of  the  acid  oligoclases  is  positive,  and  of  the  basic  types 
is  negative.  In  sections  normal  to  Z  the  dispersion  of  the  optic 
axes  is  distinct  with  p  <  v,  while  there  is  crossed  dispersion,  dis- 
tinct on  one  side  and  indistinct  on  the  other,  combined  with 
inclined  dispersion  of  the  bisectrices. 

(±)  2F  =  8o'  to  90° 
Ab^jAn^  Ab^An^      Ab^An^ 

ng=  1.5457  1.5469  1.5490 

«^  =1.5415  1.5431  1.5458 

np=  1.5373  1.5389  1.5417 

fig  —  tip  =  0.0084  0.0080  0.0073 

Color  white,  grayish,  greenish,  reddish,  sometimes  with 
internal  fire-like  reflections.  Luster  vitreous.  Colorless  in  thin 
section. 

Alter.  Similar  to  albite,  but  kaolinization  is  less  fre- 
quent than  in  albite. 

Occur.  Oligoclase  occurs  in  eruptive  rocks  and  in 
crystalline  schists.  Oligoclase-andesine  is  more .  abundant  and 
wide  spread  in  occurrence  than  the  other  varieties. 

DiAG.     See  the  preceding  tables. 

ANDESINE. 

Triclinic  a:h\c:\  0.6356 :  i :  0.5521  AboAui  to  Ab^An^ 

^  =  93'  23'  P  =  116°  29   y  =  89°  59^  " 

Phys.  Char.  Crystals  rare;  usually  massive.  Twins 
according  to  the  Carlsbad,  Baveno,  albite.  pericline,  and  Esterel 
laws.  Pericline  twinning  visible  only  microscopically.  Albite 
twinning  bands  often  too  narrow  to  be  visible  macroscopically. 
Qeavage  perfect  ||  001,  less  perfect  ||  010,  sometimes  found  in 
traces  ||  no.  H.  =  5.  to  6.  G.  =  2.671  to  2.684  (2.658  to  2.674 
artificial  crystals).  Nearly  insoluble  in  acids.  Fusible  in  thin 
splinters  only. 

Opt.  Prop.  A  plane  perpendicular  to  the  acute  bisectrix 
makes  an  angle  of  100®  to  112**  with  001,  and  174®  to  163*  with 


oio.  The  extincrion  angle 
in  001  is  — 2'  to  — 2.5*, 
and  in  010  it  is  — ^4°  to 
— 10°,  while  the  maximtun 
angle  of  equal  extinction  in 
the  zone  normal  to  010  is 
+16'  to  +25°.  Other  ex- 
tinction angles  and  the  re- 
lation of  these  to  the  vary- 
ing composition  are  given 
in  the  preceding  tables. 
The  acute  bisectrix  is  posi- 
tive. In  sections  nonnal  lo 
Z  the  axial  dispersion  is 
p  <v  with  distinct  hori- 
zontal and  weak  inclined 
diq)er^oa    of    the    bisec- 

(+)3j'  =  87»to90' 
II,  =  1.556 

»!■=  1-553 

»p=  1.549 
«g  —  dp  =  0.007 

Color  white,  gray, 
greenish,  yellowish,  red. 
Luster  vitreous.  Colorless 
in  thin  section. 

Alter.  Similar  to 
the  alteration  of  oligoclase. 

Occur.  Andesine 
is  abundant  in  igneous 
rocks,  both  plutonic  and 
volcanic ;  it  occurs  in 
gneisses  and  schists,  also, 
rarely,  in  veins. 

DiAG.     See  the  preceding  tables. 

LABRADORITE. 

Triclinic  a:b:c:: 0.6377 :  i : 0.5547 

-93*31'    ^=116°  3' 


pig.  119.  Optical  orientation  of  an- 
deelne  CAb^n,).  CryaUI  limited  by 
Ml,  010,  and  100.  The  aolted  plane  Is 
the  optic  plane. 


Ab,An,  toAbiAn. 


Phys.  Char.    Crystals  often  tabular  [I  oio;  also  mas- 
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sive,  cleavable;  granular,  or  cryptocrystalline.  Twinning  nearly 
rilways  present  of  the  Carlsbad,  albite,  pericline,  Baveno,  or  Mane- 
hach  type;  the  first  two  or  even  three  are  often  present  together. 
Cleavage  perfect  ||  oor,  less  perfect  ||  010,  sometimes  imperfect  l| 
1 10  and  some  other  prisms.  H.  —  5.  to  6.  G.  ^=  2.694  to  2.716 
(2.685  W  2.711  artificial  crystals).  Only  slightly  soluble  in  boil- 
ing HCl.    Fusible  at  3.  to  a  colorless  glass. 

Opt.  Prop.     A  plane  perpendicular  to  the  acute  bisec- 
trix makes  an  angle  of  122°  to  130'  with  001,  and  152°  to  143° 


LABRADORITE.     BASIC   LABRADDRITE. 


FIgB.  120,  121.  Optlenl  orientation  o(  liibradorllp  lAhiAn,!  and  basic  lab- 
radorlte  (Ab^An,).  Crystal  limited  by  001.  010.  and  100.  The  dotlt^  plane  l« 
the  optic  plane. 
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with  oio.  The  extinction 
angle  in  ooi  is  — 5.5°  to 
— 11°,  and  in  010  it  is 
— 20°  to  — 25°.  while  the 
maximum  angle  of  equal 
extinction  in  the  ione  nor- 
mal to  010  is  +,M°  'o 
+37°-  Other  extinction 
angles  and  the  relation  of 
these  to  the  varying  chem- 
ical composition  are  given 
in  the  preceding  tables. 
The  acnte  bisectrix  is  posi- 
tive. In  sections  norma!  to 
Z,  the  acute  bisectrix,  the 
dispersion  "f  the  optic  as^fs 
is  p  >  i\  with  distinct 
crossed      dispersion 


anri 


k 


weak  inclined  dispersion  of  the  bisectrices, 
-i-  2f  =  77°  to  80' 
Hj  =  AbjAn^  Ab^An 

«^—  1.5625 

"m=  '-5578  '.sfijy 

"p=  '5548  1.56"" 

n, — «p  :^  0.0077  0.0078 

Color  gray,  greenish,  brown,  colorless,  white ;  often  ex- 
hibits play  of  colors  especially  on  010.  Luster  vitreous.  Color- 
less in  thin  section. 

Incl.  The  colored  varieties  contain  abundant  inclus- 
ions of  hematite  or  ilmenite,  or,  in  other  cases,  black  acicular 
inclusions  regularly  arranged.  In  all  varieties  tiny  inclusions  of 
augite,  amphibole,  or  magnetite  are  common,  as  well  as  liquid 
inclusions. 

Alter.  The  alteration  of  labradorite  often  results  in 
the  formation  of  a  micaceous  mass ;  at  other  times  it  yields  dipyre 
or  hydrargillite ;  this  mineral  alters  under  some  conditions  to  an 
aggregate — called  saussurite — composed  of  zoisite,  epidote,  albite, 
often  with  some  tremolite,  and  sometimes  garnet,  rutile,  quartz, 
etc. 

Occur.  Labradorite  is  a  common  constituent  of  many 
basic  igneous  rocks,  and  occasionally  is  so  abundant  as  to  form 
a  rock  by  itself  ( plagioclasite  or  anorthosite) .     It  is  also  found 


BY  TOWN  IT E 


in  rocks  produced  by  regional  as  well  as  contact  metamorphism. 
Finally,  it  occurs  sparingly  in  meteorites. 
DiAC.    See  the  preceding  tables. 

BYTOWNITE. 

Tricunic  Axial   ratio   unknown  Ah,Anj  to Ab,An, 

Phys.  Chab.  Cryslals  very  rare;  usually  in  microscopic  lame)- 
Ue  or  masses  either  granular  or  cicavablc.  Twinning  occurs'  according  to 
the  «1biie.  Carlsbad,  Baveno,  and  periclinc  laws.  Cleavage  perfect  ||  ooi, 
less  perfect   ||   OIO.     Colorles::. 


white,  or  tinted.  H.  =  6.  G. 
=  2.738  to  2.747  (2.725  to  3.747 
artificial  crystals).  Fusible  to 
a  colorless  glass.  Slowly  sol- 
uble in  acids  leaving  :i  residue 
of  gelatinous  silica. 

Opt.  Prop.  'I'lic  ex- 
tinction angle  in  ooi  is  about 
— 18°,  and  in  010  it  is  about 
— 33".  The  extinction  referred 
to  the  optic  plane  in  a  section 
normal  to  Z  is  about  42°,  and 
in  a  section  normal  to  X  it  is 
aljout  5?'.  The  maximtira  an- 
ule  of  eiiual  extinction  in  iIil- 
zone  normal  to  OIO  is  about 
+  43°.  'Ilie  acute  biseclrix  is 
negative  except  in  the  most 
acid  varieties  (Abj.\n^)  ,  in 
which  it  is  positive.  The  op- 
tic angle  is  .sensibly  qo"  in 
the  variety  Ab^An^.  In  sec- 
tions normal  to  Z  the  disper- 
sion of  the  optic  axes  is  p  > 
I',  with  weak  inclined  and 
crossed    dispersion    of    the    bi- 

(dr)  2V  =  9o°  to  90° 

Ab.An^  Ah,An^  Ab,An,, 

II.' =  1.578    i.s8t     1.583' 

"a.  =  1-573  iSrf'S     1.579 

"„=  1-569     t-S73     1.574 

iij  —  "p  =  o.oog   0.009   o  009 

Color     greenish. 

white,   gray,   colorles-;.     l-uster 

vitrcou".       Colorless     in     thin 
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Altib.    SimBar  to  Ubndoritc 

Occux.  Bytownite  u  the  ttrett  of  the  iricgiodue  feldqwra.  It 
OGcnn  in  basic  igneous  rocks  bodi  plnUnic  and  volcanic,  often  associsted 
with  domuunt  labndorite  or  toorthite.  It  is  fotmd  also  in  rodcs  prodoced 
bj  contact  and  regional  metamorphinn.  Finally,  it  is  < 
anortbitc,  in  tome  meteorites^ 

JDiAG.    See  Ae  preceding  tables. 

ANOKTHITE. 
TaiCLiNic  a:&:£::o^342:  i :  0.5501 

»  =  93'i3'^— ii5°5/ 7  =  9' 
Phys.  C&as.  Crys- 
tals usually  flattened  [j  010, 
SMnetiines  about  equidi- 
tnensional  or  elongated  |j 
c,  or  II  b.  But  more  com- 
oifflily  massive,  eiUier  lam- 
ellar or,  more  rarely,  gran- 
ular. Twinning  nearly  al- 
ways present  of  the  albite 
'type;  Carlsbad,  peridine, 
and  Baveno  twinnk^  not 
uncommon,  often  combined 
with  the  first  named.  Qeav- 
age  perfect  ||  001,  less  per- 
fect I]  010.  H.  =  6.  to 
6.5  G.  =  274  to  2.76 
(2.765  artificial  crystals). 
Soluble  in  HCl  with  sepa- 
ration of  gelatinous  silica. 
Fusible  at  5.  to  a  colorless 
glass. 

Opt.  Prop.  A 
plane  perpendicular  to  the 
obtuse  bisectrix  makes  an 
angle  of  about  140°  with 
001,  and  133°  with  oio. 
The  extinction  angle  in 
001  is  — 37°,  and  in  010  it 
is  — 42°,  while  the  maxi- 
mum angle  of  equal  ex- 
tinction in  the  zone  nor- 
mal to  oro  is  +56'. 


Fig.  121.  Optical  orientation  ot  an- 
oiihlte  (An).  Cryatal  limited  br  001, 
DIO.  and  100.  The  dotted  piano  la  tbe 
optic  pUne. 
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Other  extinction  angles  are  given  in  the  preceding  tables.  The 
acute  bisectrix  is  negative.  In  sections  normal  to  Z,  the  obtuse 
bisectrix,  the  dispersion  of  the  optic  axes  is  p  >  v,  with  weak  in- 
clined and  crossed  dispersion  of  the  bisectrices. 

(  +  )  2^  =  75°  to  80^ 

iig  =  1.5884  Hm  =  1.5837  Wp  =  1-5757 

Wg  —  Wp  =  0.0127 

Color  white,  grayish,  reddish.  Luster  vitreous.  Color- 
less in  thin  section. 

Alter.  Anorthite  alters  to  a  micaceous  mass,  to  scapo- 
lite,  to  zeolites,  to  prehnite,  to  calcite,  epidote  and  quartz,  or  by 
metamorphism  to  saussurite.  Finally,  it  may  alter  to  woUastonite 
(even  completely)  under  conditions  that  are  not  fully  under- 
stood. 

Occur.  It  occurs  in  basic  igneous  rocks  as  an  essential 
constituent,  but  is  not  common  in  isolated  crystals.  It  is  also 
found  in  rocks  produced  either  by  regional  or  contact  metamor- 
phism, and  in  meteorites. 

DiAG.  Anorthite,  of  all  the  feldspars,  has  the  strongest 
birefringence  and  the  highest  relief.  For  other  means  of  distinc- 
tion see  the  preceding  tables. 

FERRINATRITE. 

Hexagonal  c  =  0.553  Na^Fe2(S0^)^-f-6H2O 

Phys.  Char.  Crystals  acicular,  rare;  usually  lamellar  radiated 
in  spherical  forms.  Cleavage  perfect  1 1  loio,  imperfect  1 1  1 120.  H.  =  2. 
G.  =  2.56. 

Opt.  Char.  Uniaxial  and  positive.  Refringence  moderate,  bi- 
refringence strong.  Color  pale  greenish,  pale  grayish,  white;  colorless 
in  thin  section;  n^^  =1.613,  Wp=  1.558;  «g  —  np  =  0.055. 

OccvR.    Found  with  other  sulphates.    Very  rare. 

FISCHERITE. 

Orthorhombic  o:  6:  c:  :o.594:  I :  ?  AlPO^- Al(OH)., 

Phys.    Char.     Crystals    small,   prismatic    to   acicular;    scales. 

H.  =  5.    G.  =  2.46.    Gives  H^O  B.B.    Soluble  in  H^SO^. 

Opt.  Prop.    The  optic  plane  is  parallel  to  100;  the  bisectrix 

Z  is  normal  to  001.    Axial  optic  angle  large.    Color  green. 

(+)  2£  =  106**  18' Na  (2F  =  6i°5i'Na) 

»»m=  1-555 
Occur.    Found  in  veins  in  slate,  etc.    Very  rare. 

FLINKITE. 

Orthorhombic  a:b:c::  0.413 :  i :  0.739  Mn AsO^  •  2Mn  (OH) , 

Phys.  Char.    Crystals  minute,  tabular  1 1  001 ;  in  feathery  ag- 
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gregates.    H.  =  4.-4.5.    G.  =  3JB7.    Fuses  easily.    Readily  soluble  in  acids. 

Opt.  Ffeop.  The  optic  plane  is  parallel  to  001 ;  the  bisectrix  Z 
is  normal  to  loa  Axial  optic  angle  large;  dispersion  probably  p<v* 
Color  greenish  brown.  Pleochroism  distinct  Z  =  orange  brown,  Y  = 
yellowish  green,  X=:  yellowish  to  brownish  green. 

OccuK.  Found  in  iron-manganese  mines  in>  Sweden.  Very 
rare. 

Svkiiiite  [Mn,(AsO^),' Mn(OH),]  is  chemically  related  to 
flinkite.  It  is  monodinic  with  aibici: 2.002:  i :  1.515,  and  fi  =  62**  13'' 
H.  =  4.-5.  G.  =  4.i8.  Fuses  at  about  4.  Easily  soluble  in  HCl.  Optic 
plane  parallel  to  010:  Xa^  =  — 54^*  O^ic  angle  about  ^**  about  X. 
Birefringence  strong.  Color  rose  red,  reddish  yellow.  Found  with  flink- 
ite.   Very  rare. 

Allactite  [Mn^(AsO^),*Mn(OH)2]  is  another  monoclinic 
basic  arsenate  of  manganese,  with  a:  6:  c:: 0.613:  i : 0.334  ^^d  ^  =  84** 
17'.  Crystals  small  prismatic  Geavage  distinct  ||  loi,  indistinct  ||  100. 
H.  =  4.5.  G.  =  3^84.  Nearly  infusible.  Easily  soluble.  Optic  plane  nor- 
mal to  oia  Optic  angle  small ;  dispersion  extraordinary.  2/f  =  12^  22' 
Li,  2//=:9«i2'Na,  2H  =  oTl,  2ff  =  11^  36'euSO^.  The  bisectrix  is 
in  010  for  red  and  yellow,  and  normal  to  oto  for  blue.  XA  r  =  —  49^  12' 
for  red  and  yellow.  Optically — .  Birefringence  strong;  n^=  1.778 Li, 
ftg^=:  1.786  Na.  Color  brownish  red;  streak  brownish  gray.  Strongly 
pleochroic,  hyacinth  red  to  olive  green.  Found  in  druses  in  dolomite. 
Very  rare. 

Synadelphite  [2(AlMn)AsO/sMn(OH)J  is  a  basic  arsen- 
ate of  manganese  and  aluminum.  It  is  monoclinic.  with  a\h'.c\'.  0.858 : 
1:0.919.  and  ^=90°.  Crystals  prismatic  or  pyramidal.  Also  granular. 
H.  =  4.5.  G.  =  3.47.  Fuses  easily.  Readily  soluble  in  acids.  Optic 
plane  normal  to  010  and  inclined  45°  to  c :  acute  bisectrix  Z  normal  to 
010.  Optic  angle  small.  Color  brownish  black  to  black.  Feebly  pleo- 
chroic  in  dark  brown  colors.  Found  with  preceding  minerals  and  barite. 
Very  rare. 

Hematolite  [CAl,Mn)AsO^-4Mn(OH),]  is  related  to  syna- 
delphite, both  in  composition  and  physical  characters.  It  is  apparently 
rhoml)ohedral.  with  c  =  0-888,  but  on  optical  grounds  it  has  been  referred 
to  the  monoclinic  t)r  triclinic  system.  Crystals  rhombohedral.  Cleavage 
perfect  I|  oooi.  H.  =:  3.5.  0.^^3.35.  Infusible.  Readily  soluble.  Optic- 
ally negative  and  uniaxial:  often  biaxial  %\ith  small  optic  angle;  i»- = 
1.723  (red).  iijj=  1.740  (blue).  Color  brownish  red,  garnet  red ;  yellow 
to  brown  in  thin  section.  Found  in  cavities  in  dolomite  in  Sweden.  Ver>' 
rare. 

FLUELLITE. 

Orthorhombic  a:b:  c:: 0.77 :  i :  1.88  A1F_  +  H  O 

Piivs.  Char.  Crystals  pyramidal  with  base.  Cleavage  indis- 
tinct li   ITT.     H.  =  3.     G.  =  2.17. 
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Opt.  Prop.  The  optic  plane  is  parallel  to  100;  the  acute  bisec- 
trix is  normal  to  ooi.  2E  =  100**  ih.  n=  1.47.  Colorless  to  white.  Lus- 
ter vitreous. 

Occur.    Found  in  quartz  with  wavcllite  and  torbernite.     Very 

rare. 

FLUORITE. 

Isometric  CaFj 

Phys.  Char.  Crystals  usually  cubic,  sometimes  octa- 
hedral or  dodecahedral.  Cubic  crystals  sometimes  grouped  in 
parallel  position  producing  skeleton  crystals 
elongated  in  the  direction  of  an  axis  of 
quaternary  or  of  ternary  symmetry.  Twin- 
ning common  with  the  octahedral  face  the 
twinning  plane ;  usually  the  two  individuals 
interpenetrate.  Perfect  octahedral  cleavage. 
Transparent  or  translucent.  H.  =  4. 
G.  =:  3.18.     Fusible  with  red  flame  color.  pig.  125. 

Soluble  in  HoSO.   with  evolution  of  HJ*.  ^  simple  crystal  form 

*  of  fluorite. 

Opt.  Prop.  On  account  of  the  low  index  of  refraction, 
the  negative  relief  is  marked.  Fluorite  often  shows  abnormal 
birefringence;  Hussak  describes  these  crystals  as  composed  of 
orthorhombic  individuals  with  X  perpendicular  to  the  cubic  faces. 
He  regards  the  birefringence  as  secondary  and  ascribes  it  to 
internal  tension ;  it  does  not  disappear  at  red  heat. 

11=  1.434. 

Color  often  bright;  yellow,  blue,  purple,  white,  green, 
red,  brown.  Streak  white.  Luster  vitreous.  The  color  of  fluorite 
is  not  uniformly  distributed.  It  is  probably  often  due  to  small 
quantities  of  oxides  of  iron  and  manganese;  but  in  certain  cases 
it  has  been  shown  to  be  due  to  other  impurities,  notably  free 
fluorine  or  hydrocarbons. 

Occur.  Fluorite  is  rarely  found  as  a  primary  constit- 
uent of  igneous  rocks;  in  certain  cases  it  seems  to  have  been 
formed  in  igneous  rocks  through  the  action  of  fumaroles.  Com- 
mon in  veins  associated  WMth  quartz  and  barite,  and  also  in  some 
metalliferous  veins.  Finally,  it  is  found  in  sedimentary  and 
metamorphic  rocks. 

DiAG.  The  crystal  form,  octahedral  cleavag^e,  very  low 
refringence,  vitreous  luster,  softness,  and  ready  fusibility  are  use- 
ful diagnostics.  Color,  when  present,  is  not  uniformly  distributed. 
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PORSTERJTB.   mc  olivine   group.     FOUQaftlTEv   see   epi'dot. 
Stoup     PRANKLINITE,  sec  spinel  group. 

FRIEDEUTS. 

RwnaoHmua  c=<x962  H,(Hna)Mn(SiO,) 

Pera  Chak.    CnrMala  nmllr  bfnaon^  tibiets.    AIm  idu 

■hrc^  deatable  to  con^ct.     Clanagc  perfect  ({  oo»i-     H.  =  4--5-     G.  = 

3j07-    EuOy  fdsibk  to  k  bbck  ^ul    Solnble  in  HO. 

On.  Ptar.    Uniixial  and  neiUrre.    Birefringence  itrons.   Col 

or  roM  red.     Streak  ^nk     In  •eetioa»  about  05  mm.  thkk  pleocfaroi 

with  Z  =  daik  reddish  brown,  X  =  Tety  pale  ydlow. 
Oocm.    Found  in  mangaB*ae  nines.    Rare. 

Pyn>aaialil«{  H^[(Fe3Cn)a](P«Un)  (SiO^)  j  is  very  simi 
lar.  It  occurs  in  thick  prismatic  or  tabidar  crTStais  of  rbonibobednJ  qnn 
nxtiT  with  c=:as3i;  abo  uMsaiTC.  Qeavage  jfcifect  ||  oooi,  imperftx 
II  lola  G.  =  3.06-3.19.  FttsiUe  at  a.  to  a  black  nngnctic  gUa*.  Gdai 
inicct  in  HCL  Uniaxial  and  ncgattre  with  ttrong  Urefrinceoce.  Refrin 
genc^  tf  =  1.66.  Odor  blacViih  (recn  to  pale  brown,  also  'Kivi^h  greei 
Streak  pakr.    Luster  pearij.    Foond  in  iron  rainet  of  Sweden.    Rare. 

OAAOLIHITB,    see    Oatolite   groop.     QAHHITS,    see    spifu 


GA],mfA. 

'  IsoMinac  Pbl 

Pays.  Chab.  Conunonly  in  cubes;  lesa  often  octahedrons  o 
cubo-octahedrons.  Also  reticulated,  skeletal,  rarely  stalactitic.  Ofte 
massive  cleavable.  coarse  or  tine.  Rarely  fibrous.  Twinning'  on  III;  les 
often  on  441,  311  or  331.  Cleavage  perfect  ||  100.  H.  =  2.5.  G.  =  7-: 
Fusible  and  yields  lead  globule.  Decomposed  by  strong;  H^SO,  n-it 
fonnation  of  lead  sulphate. 

Opt.  I*rop.  Opaque.  Color  and  streak  lead  gray.  Lustt 
metallic.  Rcfringence  high,  h  =  3-912.  Polishes  readily ;  upon  etchin 
the  portion  dissolved  is  often  limited  by  cleavage  planes. 

.Ai.TTR.  The  commonest  alteration  product  is  cerussite,  bt 
many  others  are  found,  including  pyromorphite,  mimetite,  wulfenite,  ar 
glesite.  linaritc,  tninium.  By  partial  removal  of  the  lead  native  sulphur  i 
sometimes  left  along  the  cleavages  of  galena. 

Occur.  Galena  is  one  of  the  roost  widely  distributed  of  th 
metallic  sulphides.  It  is  found  in  quartz  veins  in  rocks  erf  all  kind 
often  associated  with  ores  of  zinc,  copper  or  silver:  it  is  abundant  i 
some  calcite  (or  dcdomite)  veins,  and  in  disseminated  deposits  in  sedl 
mentar}-  rocks  often  associated  with  sphalerite,  pyrite,  marcasitc,  an 
various  carbonates.  It  occurs  less  commonly  as  a  product  of  contat 
metamorphism :  as  a  result  of  the  action  of  hot  springs  upon  coins;  an 
as  a  furnace  product. 


Argentite  C\g,S)  is  isomorphoi 


vith  galer 


Crystals  ofte 
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distorted;  also  reticulated,  filiform,  massive,  encrusting.  Cleavage  in 
traces  ||  100  and  no.  H.  =  2.5.  G.  =  7.3.  Sectile.  Fusible  with  intu- 
mescence yielding  a  silver  globule.  Soluble  in  HNO.j.  Opaque.  Color, 
and  streak  blackish  lead  gray.  Luster  metallic.  By  alteration  yields  na- 
tive silver.  Found  chiefly  in  veins  in  rocks  of  all  kinds  often  associated 
with  galena,  and  other  lead  ores;  also  with  copper,  gold,  etc. 

DiAG.  Galena  differs  from  other  sulphides  in  its  perfect  cubic 
cleavage  and  brilliant  luster. 

GANOPHYLLITE. 

MoNOCLiNic  a:  &:  c:  10.413:  1 :  1.831         Mn,(A10),(SiO,).  +  6H^0? 

i8  =  86''39' 
CoMP.    According  to  Hamberg  the  formula  should  be  written 

Hj^Mn.Al,(SiO^)^.     Originally   described   as   a   manganese   zeolite,   but 

Clarke  considers  it  a  hydrated  manganese  phlogopite. 

Phys.  Char.  Crystals  short  prismatic  with  001  and  on.  Also 
foliated,  micaceous.  Cleavage  perfect  ||  001.  Percussion  figure  on  cleav- 
age a  six-rayed  star  with  one  ray  ||  010;  the  others  nearly  ||  no  and  I  To. 
H.  =  4.-4.5.  G.  =  2.84.  Loses  water  at  very  low  temperature  like  the 
zeolites.     Soluble  in  acids. 

Opt,  Prop.  The  plane  of  the  optic  axes  is  parallel  to  010;  the 
negative  acute  bisectrix  is  normal  to  001.  Refringence  high,  birefrin- 
gence strong.     Optic  angle  considerable.     Dispersion  p  <  v. 

(-)    2£:  =  4i°53'Na    2K  =  23°  52' Na 

«^,  =  1 .7298    «„,  =  1 .7287    «p  =  1 .7046 

«g  — -  Hp  =  0.0252 

Color  brown.  Luster  vitreous,  brilliant.  Pleochroism  distinct 
in  thin  section  with  Z  =  Y  =  colorless,  X  =  yellowish  brown. 

Occur.     Found  in  manganese  mines  in   Sweden.     Very  rare. 

Garnet  Group. 

PiiYS.  CiiAR.  The  minerals  of  the  j^^arnet  ^roup  are 
especially  characterized  by  their  isometric  forms,  usually  dodeca- 
hedral,  sometimes  trapezohedral,  or  these  combined,  or  modified 
by  the  hexactahedron ;  very  rarely  octahedrons  are  found.  Twin- 
ning is  rare.  They  have  no  cleavage,  but  have  an  irregular  frac- 
ture. They  are  often  zonal.  The  color  is  variable,  being  red, 
brown,  yellow,  white,  green,  black,  the  colors  often  bright.  The 
hardness  is  about  7.  (6.5-7.5).  The  specific  gravity  ranges  from 
3.4.  to  4.3. 

Opt.  Prop.  Garnets  being  isometric  are  normally  and 
most  commonly  isotropic,  but  many  samples  show  anomalous 
double  refraction.  This  fact  has  called  forth  several  elaborate 
studies  of  the  anomaly,  but  its  cause  is  not  yet  fully  determined. 
Klein  argues  that  the  anisotropic  character  is  not  dependent  upon 
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the  chemical  composition,  but  apparently  upon  the  external  forn 
and  he  therefore  considers  it  of  secondary  origin,  perhaps  due  t 
internal  strains.  Mallard,  on  the  other  hand,  urg;es  that  th 
optical  constants  in  a  given  type  are  constant  in  all  specimen: 
and  concludes  that  the  mineral  must  therefore  be  tndy  not  isc 
metric,  but  apparently  orthorhombic,  the  exterior  isometric  fon 
being  produced  by  twinning. 

In  all  ganiels  having  birefringence  the  crystal  may  b 
considered  to  be  made  up  of  a  number  of  similar  pyramids  whos 
vertices  meet  at  the  center  of  the  crystal.  Some  garnets  may  b 
mechanically  separated  into  parts  corresjxmding  to  these  pyra 
mids. 

Scvctal   lypcs   niay   be  dislinguiihcd,   as   follows: — 

t.  Dotlccaheclral  or  pyrcncitc  type.  In  llijs  type  l1ie  cxlcric 
form  is  a  dodccalicdron,  which  is  made  up  of  twelve  rhombic  pyramid 
whoic  bases  form  the  Jodrcaliedral  fsces.  Tliis  is  tlie  most  comnnon  typi 
The  optic  pldnc  in  this  type  is  parHllcl  to  the  long  diagonal  ofthe  rhon 
hie  Ercc,  nnd  X  is  perpetidiciilar  In  this  face  The  actKe  bisectrix  is  pos 
live,  and  the  axial  ingle  is  about  s6°.    The  dispersion  is  strong  with  p< 

V. 

2.  Hexorikhcdral  at  topainUte  type.  In  this  case  the  exlcric 
form  i»i  a  dodecahedron,  modified  by  vicinal  hex  octahedral  faces,  whic 
13  miide  up  of  (oriy-etght  im symmetrical  triangular  pyramids  whose  base 
form  the  hexoclAhedral  faces.  The  optic  plane  makes  an  angle  somewh; 
vnriBhle  in  different  sami»lea  (2"  to  17°)  wilh  the  long  diagonal  of  Ih 
ilodecaliedra!  face,  wbile  X  is  also  somewhal  inclined  from  the  perper 
liiciilar  to  this  face.     The  acute  bisectrix  is  negative.  ■ 

,1.  Icositetrahedrai  or  trapeiohedral  type.  In  this  type  ill 
cxlerior  form  is  a  trapciohedron  (211)  irtiich  is  made  up  of  twenly-fou 
pyramids  whose  bases  form  the  Irapeiohedral  faces.  The  optic  plane  i 
perpendicular  to  the  symmetrical  diagonal  of  the  trapeiohedral  fece  t 
which  the  ptisitive  acute  bisectrix  is  perpendicular. 

4,  Octahedral  type.  This  t>'pe  is  known  only  in  octahedr; 
Karnets  from  the  island  of  Elba,  which  are  composed  of  eight  pyramid 
h.-iving  their  simimits  at  the  center  of  the  crystal  and  their  bases  parallt 
with  the  faces  of  the  crystal.  Each  pyramid  is  uniaxial,  and  the  negativ 
optic  axis  is  perpendicular  to  the  fae^  of  the  crystal. 

Finally,  more  than  one  of  those  types  are  aomenmes  preser 
in  a  single  crystal.  Sometimes  the  crystal  is  made  of  zones  or  layer 
which  may  be  tnechaiiically  separated;  one  zone  will  show  one  type  an 
the  naxt  another  type.  In  some  crystals  also  tbe  different  types  inter 
penetrate.  Further,  crystals  arc  very  often  made  up  of  isotropic  ani 
ani'oiropic  parts  arranged  in  various  ways. 
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Alter.  Garnets  are  known  to  alter  in  various  ways. 
They  may  change  to  chlorite,  epidote,  limonite,  amphibole,  feld- 
spar, enstatite,  spinel,  biotite,  hypersthenc,  calcite.  etc. 

Occur.  Garnet  in  crystals  often  somewhat  rounded  is 
common  in  mica  schist,  hornblende  and  chlorite  schists  and 
gneisses.  It  is  found  also  in  many  plutonic  rocks,  more  rarely 
in  volcanic  rocks.  It  is  common  in  crystalline  limestones,  espec- 
ially in  contact  regions.  It  is  sometimes  found  in  massive  form 
as  a  very  abundant  constituent  in  certain  rocks,  such  as  garnet 
lelsite  and  eclc^ite. 

DiAG.  The  crystal  form  of  garnet  is  quite  characteris- 
lic.     In  thin  section  garnets  show  no  cleavage  and  verj-  high  re- 


lief, often  accompanied  by  a  shagreen  surface  (due  to  high  re- 
iringcnce  and  hardness) ;  they  arc  usually  isotropic  and  often 
pink  in  color.  Andradite,  uvarovitc  and  grossularite  are  the  only 
jjarnets  that  sometimes  show  distinct  birefringence;  these  are 
the  calciferous  garnets.  Hrngger  states  that  garnets  formed  di- 
rectly from  an  igneous  magma  as  well  as  those  produced  by  the 
slow  processes  of  regional  nietamorphisni  are  i.sotropic,  while 
those  produced  by  hot  solutions  or  b)'  contact  nietamorphisni 
often  show  an  apparent  aiiisotro]>ic  character.  Some  of  the  vary- 
ing characters  of  the  garnets  may  Iw  tabulated  as  follows :— 
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Ibmc 

ApllecW' 

G. 

PjnpK»ae  chsncton 

Colon 

AatoliU 

^= 

3.8  to 
4.1 

S2S?;S1- 

Tdlo.,l>i<>n 

Umwte 

sssi^- 

3.4 

KUtete  dmninm 

ImenUgno 

issS^-: 

'tr 

inilrMUetotd. 

imra,i«4EMa 

frvi 

IX^,^ 

3.7  to 
3.8 

■M>d> 

RedtoDonlr 

Almffie 

innrk 

4.1  to 

4.3 

blid,^ 

SpowtiU 

a&T 

3.7  to 
4.3 

^olMls.    HMCttfor 

Tutoudadn 
of  red 

.  CbemicaUy  garnets  are  ortbosSicates  of  a  trivalent  and 

bivalent  base  witli  the  general  formula  R,R',(Si04),  in  which  R 

may  he  Ca.  j\l|r.  1'^.  or  ^I"  and  R'  may  be  Al,  I'V.  or  Cr.     There 
are  six  theoretical  types  in  the  combination  of  these  elements, 
hut  there  are  many  occurrences  showing  gradations  between  tlies«  . 
types.     The  classification  follows: — 


aassified 
to  bivalci 

ccording 
nl  base. 

Name 

Chemical 

iQassified  accardinK 
lo  Irivaleol  base 

Calcium 
garnet 

Andradite 

Ca,Fcj(SiO,), 

1  Iron  garnet 

Uvarovite 

Ca,Cr,(SiO,\ 

Chrome  garnet 

Grossularite 

Ca,A!,(SiO^)^ 

1 

Magnesiun 

garnet 

PjTope 

Mg,Al^(SiO,)^ 

Iron  garnet 

Almanditc 

Fe,AL(SiO,), 

Mn^Al^lSiO,), 

Spessartite 

! 

ANDRADITE.  (Helanite). 

Isomehuc  CajFCj  (SiO^)  ^ 

Phvs,  Char.  Usually  occurs  in  dodecahedrons  or  trapezohe- 
drons.     No  cleavage.    H.  =  ?.     G.  ^  3.8-4.1. 

Opt.  Prop.  Andradite  usually  shows  birefringence,  though  it 
is  often  indistinct.  The  crystals  may  show  the  dodecahedral  or  hexocta- 
hcdral  type  of  structure,  or  they  may  exhibit  a  combination  of  these  types. 
In  one  case  Lacroix  reports  andradite  of  the  dodecahedral  type  with  an 
optic  angle  of  nearly  90°  about  the  positive  bisectrix.  Often  dark  colored 
even  in  thin  section,  but  color  varying  in  mass  from  black  to  red,  brown, 
greenish  yellow,  yellow. 

Jt=  1.8467  Li    B  =  1.8566  Na    n  =  1.8659  TI 
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Alter.  Andradite  is  known  to  alter  to  epidote,  limonite,  feld- 
spar, and  calcite. 

Occur.  Andradite  is  found  in  nepheline  syenite,  in  some  acid 
igneous  rocks,  in  serpentine,  in  chlorite  and  other  schists,  and  in  crystal- 
line limestones  in  regions  of  contact. 

Schorlomite  is  a  variety  of  andradite  rich  in  titanium.  Crys- 
tals trapezohedral  or  dodecahedral ;  usually  massive.  Cleavage  unknown. 
G.  =  3.81-3.88.  Fusible  at  3.  Gelatinizes  with  HCl.  Isotropic,  or  rarely 
indistinctly  anisotropic.  Color  black,  bluish,  or  brownish.  Streak  grayish 
black.     In  thin  section  translucent  and  dark  brown  to  opaque.     Rare. 

DiAc.    See  page  243. 

UVAROVITE. 

Isometric  ^3C''2(^^4)3 

Phys.    Char.     Crystals    dodecahedral.      No   cleavage.     H.  =  7. 

G.  =  34. 

Opt.  Prop.  Uvarovite  often  shows  birefringence;  its  structure 
is  the  dodecahedral.  Even  in  thin  section  the  color  is  green,  usually 
rather  dark.    In  mass  it  is  emerald  green. 

n  =  1.8318  Li    ff  r=  1.8384  Na    M  =  1.8449  Tl 

Alter.  Uvarovite  alters  in  some  cases  to  a  dark  green  chlo- 
rite, doubtless  containing  chromiimi. 

Occur.  Rare.  Found  in  gneiss,  in  serpentine,  and  in  cavities 
in  chromite;  also  in  contact  metamorphosed  limestone. 

DiAG.    See  page  243. 

GROSSULARITE. 

Isometric  Gag  AI2  ( SiO^ ) ;.. 

Phys.  Char.  The  dodecahedral  form  is  very  common ; 
the  trapezohedron  also  occurs,  and  the  hexoctahedron  is  found 
modifying  these.  Striations  are  common  on  the  dodecahedral 
faces.     H.  =  6.5-7.     G.  =  3.4-3.6. 

Opt.  Prop.  Grossularite  is  sometimes  isotropic,  but 
the  variety  pyreneitc  is  always  anisotropic.  It  has  the  dodeca- 
hedral structure,  and  in  each  of  the  constituent  pyramids  the  op- 
tic plane  is  parallel  to  the  long  diagonal  of  the  rhombic  face,  while 
X  is  perpendicular  to  that  face.  The  acute  bisectrix  is  positive. 
The  dispersion  is  strong  with  p  <  v, 

(+)  2F=56/3° 

•  n  =  1.7368  Li     n  =  1.7468  Na    n  =  1.7593  Tl 
ng  —  np  =  0.0027     ^  —  nm  =  0.002 1     Um  —  «p  =  0.0006 

Color,  white,  gray,  greenish,  yellowish,  brown,  red. 
Colorless  to  yellowish  brown  in  thin  section. 


Alter.  Grossularite  is  known  to  alter  to  epidote,  chk>- 
riie,  leljspar  and  calcite. 

Occur.  Grossularite  is  especially  common  in  crystalline 
limestone ;  also  found  in  schists,  in  veins,  and  in  neplieline  syenite. 

DiAG,    Sec  page  243. 

PYROPE. 

Isometric  Mg„  AI^  ( SiO, ) ; 

Phys.  Cuak.  Crystal  form  not  common.  Dodecahcdral 
form  is  found;  cubic  faces,  so  rare  in  garnets,  are  also  known. 
11=^7.-7.5.    G.^  3-65-3-8. 

t)PT.  Prop.  Always  isotropic.  Color  red  of  vnrious 
shafles,  rarely  black.     In  thin  section,  red  to  yellowish  brown. 

11  =  1.7776  Li     II  =  1.8141  Na     '1  =  1.8288  Tl 

.\lteh,  Pyropc  alters  to  a  green  substance  called  kely- 
phile.  This  often  forms  a  crust  about  the  garnet  grains.  Micro- 
scopically it  can  be  seen  that  this  is  not  a  distinct  mineral,  but 
nsually  an  intergrowth  of  fibrous  amphibole  and  feldspar.  Py- 
rnpe  alsoalters  to  chlorite. 

Occi'R.     Pyropc  is   found  especially  in  peridotites  and 
in  the  serpentines  derived  from  them.     It  is  found  in  tlie  "blue 
ground"  of  the  diamond  mines  of  South  Africa. 
p^  DiAG.     See  page  243. 

ALHANDITE. 
Isometric  FcjAljCSiO^) 

Phvs.  Char.  The  common  forms  are  the  dodecahedron 
and  trapezohedron.  The  faces  are  sometimes  striated.  Dodeca- 
hcdral cleavage  or  parting  indistinct.    H.  ^  7--7-5-    G.  ^  4.1-4.3. 

Opt.  Prop.  Always  isotropic.  Color  red.  brownish,  vio- 
let rcfl,  black.     In  thin  section  brown  to  reddish. 

H  =  1.8052  Li     H  —  lSioq  Na     n  —  1.8159  T! 

.\lter.  Ahnandite  alters  readily  to  chlorite  and  epi- 
dote. Further,  when  subject  to  the  heat  of  enclosing  volcanic 
rocks  it  is  fused  and  on  recrystallization  forms  a  green  spine! 
and  hypersthene.  Finally,  alteration  of  almandite  is  also  known 
to  biotite,  hornblende,  scapolite,  feldspar,  hematite  and  limontte. 

Occur.  Almandite  is  common  in  granulites,  pegma- 
tites, gneisses,  and  schists.  It  is  also  found  in  amphibolites.  and 
is  an  essential  element  of  eclogite.  It  is  rare  in  gratiite  and  in 
regions  of  contact  metamorphism.    In  the  mica  schists  it  is  asso- 
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ciated  especially  with  staurolite,  cyanite  and  andalusite;  in  gran- 
ulites  it  is  often  associated  with  tourmaline,  sometimes  with'cor- 
dierite. 

DiAG.    See  page  243. 

SPESSARTITE. 

Isometric  Mn,Al^(SiO.).. 

Phys.  Char.  The  trapezohedron  and  dodecahedron  are  the 
common  forms,     H.  =  7.     G.  =  377-4.27, 

Opt.  Prop.  Usually  isotropic ;  sometimes  indistinctly  aniso- 
tropic; it  is  then  said  to  show  the  trapezohedral  type  of  grouping. 

n  =  1.7940  Li    n  =  1.7991  Na 

Color  red  of  various  shades,  or  yellowish  brown ;  in  thin  sec- 
tion pale  pink. 

Alter.     Spessartite  is  known  to  alter  to  biotite. 

Occur.  It  is  found  in  pegmatites,  in  micaschist,  in  quartzitc. 
and  in  lithophyses  in  rhyolitc.     Uncommon. 

DiAc.     See  page  243. 

GAYLUSSITE. 

MoNocLiNic  a\h:c::\  .490 :  i :  1.444  CaCO„  -Na^CO..  -7-  sH^O 

P    =    78"   27' 

Phys.  Char.  Crystals  often  elongated  ||  a;  also  wedge-shaped. 
Cleavage  perfect  ||  no,  difficult  ||  001.  H.  =  2.-3.  G.  =  1.94.  Fuses 
easily  to  white  enamel.  Soluble  in  cold  acid  with  effervescence ;  partly 
soluble  in  H_0. 

OiT.  Prop.  The  plane  of  the  optic  axes  and  the  acute  bisec- 
trix are  normal  to  010.  The  obtuse  bisectrix  Z  makes  an  angle  of  14°  48' 
with  the  vertical  axis  in  the  acute  angle  p  in  red  light,  and  13°  8'  in  blue 
light.     Optic  angle  considerable.     Crossed  dispersion  strong  with  p  <  v. 

(-)   2£  =  5i°38'Li 
11^=1.5233    H^  =1.5156    «p=  1.4435 
n^  —  «p  =  0.0798 
Color  white,  yellowish.     Luster  vitreous.     Colorless  in  section. 
Occur.    Deposited  from  waters  of  certain  saline  lakes.     Rare. 

Pirsscnite  (CaCO..  •  Na^CO^  -f  2H.,0)  .  is  related  chemically, 
but  is  orthorhombic  with  a:  ft :  r: :  0.566:  i  :  0.302.  Crystals  prismatic, 
hemtmorphic.  Cleavage  none.  H.  =  3-3-5-  0.  =  2.35.  Optic  plane  par- 
allel to  001 ;  acute  bisectrix  Z  normal  to  010.  Birefringence  very  strong. 
(  +  )  2E  =  48**  14'  (2F  =  2,2''  48') :  n^  =  1.5751.  w^  "  ^-5095.  "p  ■=  1-5043 ; 
Wpp  —  Mp  =  0.0708.     Colorless  to  white.    Found  with  gaylussitc.     Rare. 

GEDRITE,  see  nmphibole  group.  GEHLENITE,  sec  melilito 
Rroup.  GEIKIELITE,  see  ilmcnite  group.  GENTHITE,  sec  ser- 
pentine group. 


<! :  f. :  c : :  0Xj22 :  i :  i.ljO  Cu(  NO,),  ■  3Ci.(OH) , 

Chak.  Crystals  short  pyramids  terminated  by  OOI ; 
pyramidal  zone  strongly  siriaied.  Cleavage  highly  perfect  ||  ooi,  giving 
rtoxible  lainin*;  imperfee!  1|  too.  H.  —  a.  G.  —  j.43-  Fusible  at  2  giv- 
ing green  flame.     Soluble  in  dilute  acids. 

OiT,  Pbop.  The  plane  of  the  optic  axes  is  parallel  to  oio;  the 
negative  acute  bisectrix  is  normal  to  OOt.  Optic  angle  large.  Dispersion 
^<v.  2A.' —  76°  2o' Na.  Color  deep  emerald  green.  Streak  light  gteen, 
Pleochroic  with  Z  blue,  Y  and  X  green. 

Occur,     Found    wii!i    malachite    in    cuprite   in    .\riiona.      Very 


MosocLiNic  a.  b.  ci:  1220:  1 :  1.027  ^a.,SOj-  CaSO^ 

^  =  67°  49' 

Puvs.  Chah,  Cr^-staU  tabular  {{  001.  ur  prismatic  with  IIO  or 
III  prominent.  Cleavage  perfect  ||  OOi.  H.  ^  2.5-3,  G.  ^2.7-2.85.  De- 
crepitates and  fuses  easily  to  white  enamel.  Soluble  in  HCl,  Partly  sol- 
uble in  H„0.     Taste  slightly  saline. 

Opt.  Pbop.  Tlie  plane  of  the  optic  axes  is  noniial  to  010  at 
ordinary  temperatuTes ;  the  negalive  acute  bisectrix  makes  an  angle  of 
31°  with  4;  in  [he  acute  angle  fi.  The  sign  and  the  position  of  X,  Y,  and 
Z  remain  sensibly  constant,  but  the  t^tic  a?ies  chattgc  position  quite  rapid- 
ly with  change  of  Icmpcralurc.  At  ^'C.  the  optic  plane  is  normal  to  010 
for  all  colors,  while  at  Ss^'C.  the  optic  plane  is  parallel  to  010  for  all  col- 
ors. At  the  same  time  Ihe  dispersion  changes  from  horizontal  with  p  >  s" 
10  inclined  p  <  w.  The  dispersion  is  yery  strong,  giving  abnormal  inter- 
ference figures  in  white  light. 


At  5=0.       22°C.           36X. 

46''C.           sax.          85°C. 

?ed  light 

2£=  16°   6'      13"  30'        )1°    1' 

8°  40'            0°            10°  47' 

Yellow 

2E=  14°    8'      11°   8'         8°    9' 

0°                7°  14'      13"  14' 

Green 

2E=  11"  42'       8°  14'         0° 

7"    8'          lO"  32'      15=  15' 

Blue 

2£=    8=51'    0°Catl8''j     8°  42' 

11"   8'          13=  2'      17°    7' 

Color  pale  yellow  or  gray;  someli 

mes  hrick  red.     Colorless  in 

Alter.     Alteration  to  calcite  has  been  observed. 

Occur.     Usually   in   lake  deposits 

associated   with   halite,   poly- 

halite,  anhydrite,  thenardite,  etc. 

GLAUCOCHROITE,   see  olivine  group. 

GLAUCONITE. 

Axial  ratio  unknown 
'.     The  exact   composition   is 
impnre  and  results  of  analv 


KFe(SiO,),  +  »tH,0? 
the  material  ana- 


GLA  UCONITE—GOLD,  249 

Phys.  Char.  Usually  in  granules,  rarely  as  large  as  o.i  inni. 
Granules  long  supposed  to  be  amorphous;  when  much  magnified  crystal- 
line character  is  evident;  the  grains  are  composed  of  interwoven  laminae. 
Cleavage  distinct  ||  001.  Cleavage  lines  often  wavy.  H.  =  2.  G.  =  2.2- 
2.8.    Easily  fusible  to  a  black  glass. 

Opt.  Prop.  The  negative  acute  bisectrix  is  nearly  normal  to 
the  cleavage  001.  The  optic  angle  is  sometimes  practically  0°,  but  usually 
larger. 

(— )    2£=:30°-40° 

n  =  1. 61 
«j  —  fip  =  0.020  about 

Color  olive  green,  blackish  green;  by  alteration  becomes  yellow 
to  brownish.  In  thin  section  greenish,  sometimes  pleochroic,  green  to 
pale  yellow,  with  maximum  absorption  when  the  cleavage  laminae  are 
parallel  with  the  lower  nicol. 

Occur,  Glauconite  is  found  only  in  marine  sedimentary  rocks. 
It  is  always  associated  with  clastic  elements,  especially  feldspar,  quartz, 
muscovite,  etc.  It  is  being  formed  at  present  on  the  ocean  bottoms  at 
depths  of  about  600  to  5000  feet.  It  is  usually  intimately  associated  with 
animal  remains,  but  less  commonly  it  forms  away  from  such  organisms. 
It  is  often  in  grains  of  submicroscopic  size,  serving  as  a  pigment  of  other 
minerals. 

Celadonite  is  a  mineral  of  similar  composition  of  earthy  as- 
pect. Microscopically  it  is  lamellar  or  fibrous.  Cleavage  perfect,  as  in 
micas.  Very  soft  with  greasy  feel.  G.  =  2.6.  Optically  like  glauconite ; 
the  optic  angle  is  small,  the  sign  is  negative.  Refringence  moderate,  n  = 
1.63.  Color  olive  to  apple  green.  In  thin  section  pleochroic,  with  Z  and 
Y  dark  green,  X  lighter  green  with  yellowish  tint.  It  is  always  a  product 
of  alteration;  found  in  cavities  in  volcanic  and  metamorphic  rocks. 

DiAG.  The  cryptocrystalline  texture  of  the  rounded  grains  i? 
quite  characteristic;  celadonite  is  lamellar  or  fibrous. 

GLAUCOPHANE,    see  .amphibole    group.      GMELINITE,    see 
zeolite  group.    GOETHITE,  see  diasporc  group. 

GOLD. 

Isometric  Au 

CoMP.  Usually  alloyed  with  more  or  less  Ag;  sometimes  also 
small  amounts  of  Cu,  Fe. 

Phys.  Char.  Crystals  octahedrons,  dodecahedrons,  or  modi- 
fied. Often  elongated  filiform,  arborescent,  reticulated.  Granular,  1am- 
mellar,  massive.  Twinning  on  in.  Cleavage  none.  Highly  malleable. 
H.  =  2.5-3.    G.  rr  1 5.6- 19.3.    Easily  fusible.    Soluble  in  aqua  regia. 

Opt.  Prop.  Color  and  streak  gold  yellow  grading  to  silver 
white  with  increase  of  silver.  The  presence  of  copper  gives  an  orange 
tint  to  the  color.  Luster  metallic.  Opaque  in  thin  section,  but  may  be 
beaten  into  films  which  transmit  a  greenish  light. 

Occur     Found  especially  in  quartz  veins  in  igneous  and  meta- 


1 


L 
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nx)r|luc  niclu .  abo  hwMl  in  oldic  veins,  and  in  various  other  types. 
VctT  bVatwkIt  inaoA  in  radu  aaay  fniai  reins  as  in  serpentine.  Abun- 
dHn  tn  nne  wuei-awteil  tntdi  and  conghnocrates,  both  recent  and 
AswoMBd  opMuH;  with  piitlc,  also,  less  commonly,  nitli  chal- 
ph»Itfilc.  etc 

(Agl  i»  abo  HOiDctrk.  CrjKals  like  Bold,  No  deav- 
^t.  H.  =  iJ-3.  G_  =  Mio-  E»say  fnsible.  Soluble  in  HNO,.  Color 
«■!  ami  «d«cr  vhiic.  Luster  tneaUtc  O^quc.  Found  in  veins  in 
jjMBB'  4*d  mttaiDOcphic  rocks.  Veo'  rarely  foood  di»Kminated  in  igneous 
tvdbk  ObcB  CMODUvd  with  nsiive  copper,  galcnA.  chalcocite,  cerargy- 
ror.  ««c     Retriafw»c«  very  hi^  ("  =  3-37?)- 

C^pv    (Cu)    i«   also  isun-.etric.     CrysaU  octahedral,   dodeca- 
oAen   modified  'by   leirahexahedron^.     Often   arbores- 
Massive.    Twinning  on  iii  common.    Complex  group- 
wc   ■*  «1T««U.    No    cleavage.      H.  =  2.5-3.      G,  =  8.84.      Easily    fusible. 
la   HNOy     Color  copper   red.     Streak  nielallic   shining.      Luster 
Opaque.    Alters  to  cuprite,  malacbile,  rarely  azurite.     Found  in 
an  Icioda  of  rocks,  also  in  amygdaloidal  cavities,  often  associated 
leoUtes.  etc.,  and  somewhat  disseminated  in  wall   rocks,  ana 
•t*  Mtbineotvy  rocks,   especially  sandstone.     Refringcnce  very   high   {n  = 

DiAC.  The  color  alone  is  commonly  distinctive  for  these  met- 
aliL  Further,  gold  is  loluble  only  in  aqua  rcgia,  and  is  soft  and  matlcnbic ; 
iliftr  ha*  nf  cleavage  and  lamishe*  easily ;  copper  has  darker  color,  no 
Kita^r,  ^nd  is  qtiilc  niallcnble, 

OOSLARITE,  ^^'c  ^p-.-imt<;  yfuui-. 

CRANDIDIERITE. 

Orth,  '  Axiai  ratio  unknown  (Na.H),(Mg,Fe),(.'\l,Fe)j^SijOj, 

Phvs.  Char,    Crystal  faces  unknown.    Has  two  unequal  cleav- 

nti^S  II   too  and  010.     G.  =^  3.99.     Infusible  and  insoluble. 

Opt.  Prop.    The  plane  of  the  optic  axes  is  parallel  to  001 ;  the 

negative  acute  bisectrix  is  perpendicular  to  100.    The  dispersion  p  <  w  is 

very  strong. 

(-)  2F  =  30° 

M^  =  1.6385   «„,  =  1.6360   dp  =  I.6OI8 
",—  "p=  0.0367 

Color  greenish  blue.     Luster  vitreous.    The  pleochroism  is  ex- 
tremely intense  with  X>Z>Y. 

Z  =r  pale  bluish  green 
Y  —  colorless 
X  =  greenish  blue 
.Vlter.    .\lters   readily   to  a  green  fibrous  mineral   similar  to 
ihr  alloration  product   (kry/iloliU)   of  prismatine. 

OntR.    Found    in   pegmatite  and   aplile   of  Madagascar    with 
iinarl/,  nrdiochsc  arnl  almandilc. 
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DiAC.  Distinguished  by  its  pleochroism  resulting  in  deep  col- 
or transverse  to  elongation  and  no  color  parallel  to  the  elongation. 

GRAPHITE. 

Hexacx)nal  c  =  1.3859  C 

Phys.  Char.  Crystals  are  rare;  they  are  usually  rounded 
hexagonal  lamellse.  Usually  found  in  concentric  foliated  ipasses.  Some- 
times earthy  and  only  cryptocrystalline.  Perfect  basal  cleavage  oooi ; 
cleavage  laminse  are  flexible  and  not  elastic.  H.  =  1.-2.  Greasy  feel.  G.  =- 
2.1-2.2.     Infusible;  deflagrates  with  KNO^^.     Insoluble. 

Opt.  Prop.  Color  and  streak  black.  Luster  metallic.  Opaque 
even  in  very  thin  sections. 

Occur.  Graphite  is  found  in  small  amount  in  many  igneous 
rocks;  also  sometimes  in  greater  quantity  in  gneisses  and  schists.  It  is 
also  found  in  contact  rocks,  in  ordinary  sedimentary  rocks,  in  beds  of  coal 
that  have  been  subject  to  metamorphism,  and  in  meteorites. 

DiAG.  Graphite  deflagrates  in  a  platinum  spoon  with  nitre, 
producing  potassium  carbonate.  Molybdenite  resembles  graphite  in  ex- 
terior characters,  but  it  is  fusible,  giving  sulphur  coating's;  it  is  attacked 
by  nitric  acid;  it  does  not  deflagrate,  and  it  has  a  streak  slightly  greenish 
instead  of  black. 

GREENALITE. 

Amorphous  FeSiO^  +  ;iH.,0  ? 

Com  P.  The  exact  composition  is  in  doubt,  since  pure  material 
iR  not  available  for  analysis.  Ferric  iron  is  often  present,  sometimes  in 
important  amount.  Mg  commonly  replaces  a  little  Fe.  Chemically,  green- 
alite  is  closely  related  to  glauconite.  and  to  cronstedtite.  chamositc.  berth- 
ierine,  etc. 

Phys.  Char.  Unknown  except  in  amorphous  state,  and  always 
in  granules.     G.  =  2.8  +.     Soluble  in  HCl. 

Opt.  Prop.  Amorphous  and  isotropic.  Color  greeji,  sometimes 
yellowish  or  brownish  from  alteration.  In  thin  section  green,  brownish 
green,  greenish  yellow,  brown,  black;  in  reflected  light  green  and  yellow 
granules  appear  dark  green  or  yellow;  brown  and  black  granules  appear 
light  green. 

Occur.  Abundant  in  the  Lake  Superior  regions  in  cherts;  on 
the  Mesabi  range  the  chief  constituent  of  a  rock  called  taconyte.  Formed 
artificially  by  combining  solutions  of  ferrous  chloride  and  sodium  silicate. 

Chamosite  is  a  chloritic  mineral  with  2E  very  small  about  X, 
and  Mg — «p  =  0.010  to  0.012.  The  pleochroism  is  weak  with  Z  =  Y  pale 
gre^n,  X  yellowish  or  colorless.  Found  in  sedimentary  rocks  where  it 
may  constitute  an  iron  ore. 

GREENOCKITE,  see  cinnabar  group.     GROSSULARITE.   >ce 
garnet  group.     GRUENERITE,  sec   amphibole  group. 


GYPSUM. 

MoMOCUNic         a:&:c::oJS899:i:o4i24  CaS0.  +  2H,0 

Phys.  Cbas.  Crystals  usually  simple  in  habit,  com- 
.  nxnly  flattened  1 1  oip ;  less  ccnnmonly  prismatic  to  acicular  |  ]  r. 
\AJao  f6Iiated*in  masses  or  granular  massive.  Twinning  common 
with  twinning  plane  |  j  loo  usually  in  contact  twins  of  arrow-head 
sh^ie.  Twinning  sometimes  polysynthetic  Cleavage  perfect  \\ 
oio^  imperfect  1 1  looandlii.  H.  =  2.  G.  =  2.31-2.33.  Fusible 
ai  3.5-3,  ^"^  reddish  yellow  flatne  color.  Gives  water  in  tbe 
closed  tidie.    Soluble  m  HQ.    Smnewhat  soIuUe  in  H,0. 

Opt.  Piop.  The  plane  of  the  optic  axes  is  paral- 
lel to  010  at  ordinary  tenq»eratures.  The  acute  bisectrix  Z 
makes  an  anfj^  of  53*  30'  widi  c  in  the 
otAuse  angle  p.  The  angle  of  the  optic 
axes  varies  widi  the  teoqierature.  The 
at^e  2E  is  about  95*  at  ao'C;  at  115" 
C.  it  becCHnes  o*.  and  at  a  h^faer  tem- 
perature the  optic  axes  open  out  in  a 
plane  normal  to  010.  As  this  change 
occurs  it  is  accompanied  hy  a  dmtge  in 
the  dispersion,  which  is  /)>vwith  stnxq; 
inclined  dispersion  of  the  bisectrices  at 
i5''C..  but  at  i20°C.  it  is  p<f  with  hori- 
zontal dispersion  of  the  bisectrices. 
Cnlorless. 

11,^1.5296   «m  =  1.5227   Hp—  1.5204 
"« "p  =  0.0092 

Occur.  Gypsum  occurs  in  ex-  , 
tensive  masses  in  sedimentary  rocks,  es- 
pecially limestones.  It  is  often  associ- 
ated with  halite  as  a  prochict  of  evaporation  of  salt  lakes,  estua- 
ries, etc.  It  is  also  found  about  volcanoes,  the  gases  of  the  fuma- 
roles  reacting  with  the  lime  of  lavas  or  other  rocks  to  produce  it. 
It  is  produced  by  the  decomposition  of  sulphides,  such  as  pyrite. 
in  the  presence  of  lime.    It  occurs  occasionally  in  igneous  rocks. 

DiAG.  Refringence  low,  birefringence  rather  weak,  dis- 
persion strong,  one  perfect  cleavage,  two  imperfect  cleavages, 
biaxial,  positive. 
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HAIDINGERITE,  see  pharmacolite. 
HALITE. 

ISU  METRIC  NaCl 

Phys.    Char.    Crystals    usually    cubic.      Massive    cleavable    to. 
compact.    Cleavage  perfect   ||    100.    Percussion  figure   on    100  with   rays 
parallel   to  the  binary  axes  of  symmetry.     H.  =x  2.5.     G.  =  2.14.     Easily 
fusible,  often  with  decrepitation.     Soluble  in  H^O;  taste  saline. 

Opt.  Prop.  Usually  isotropic;  sometimes  slightly  anisotropic. 
Refringence  low;  n— 1.5442.  Colorless,  white,  yellowish,  reddish,  bluish. 
The  red  color  is  due  to  the  ferruginous  inclusions,  •  the  blue  color  also 
>eems  to  be  due  to  inclusions  of  an  iron  compound.    Luster  vitreous. 

Incl.  Besides  iron  compounds,  inclusions  of  g>*psum,  anhy- 
drite, shale  are  common.  Further,  liquid  inclusions  often  in  "negative 
crystals"  arc  not  rare ;  they  often  contain  gas  hubbies,  which  may  be  mov- 
able.    Such  inclusions  are  sometimes  megascopic  in  size. 

Occur.  Founc^  chiefly  in  sedimentary  deposits  formed  from 
evaporation  in  estuaries  or  i.n  salt  lakes.  Occurs  in  rocks  of  various  ages 
associated  wih  gypsimi,  anhydrite,  polyhalite,  camallite,  glauberite,  etc. 
Formed  rarely  about  volcanoes. 

Sylvite  (KCl)  is  similar  in  form  and  cleavage.  H.  =  2.  G.  = 
1.98.  Fuses  with  violet  flame  color.  Soluble  in  H„0 ;  taste  saline.  Optic- 
ally like  halite,  but  «  =  1.4903.  Colorless,  white  or  tinted  by  inclusions. 
Luster  vitreous.  Found  in  salt  lake  deposits  with  halite  and  carnallite; 
also  formed  about  volcanoes. 

Salmiac  (NH^Cl)  is  also  isometric;  twinning  on  iii.  Stalac- 
titic,  globular,  efflorescent.  Cleavage  imperfect  ||  iii.  H.  =  1.5-2.  G.  =::: 
1.528.  Sublimes  without  fusion.  Soluble  in  H^O.  Lsotropic.  Refrin- 
gence moderate,  n  =  r.6422.  Color  white,  yellowish,  grayish.  Luster  vit- 
reous.    Found  about  volcanoes,  near  ignited  coal  scams,  and  in  guano.  - 

Cerargyrite  (AgCl)  is  another  isometric  haloid.  It  grades 
into  varieties  containing  bromine  [emholite,  Ag(Cl,Br)  and  bromyrite, 
AgBr]  and  iodine  [iodembolitc,  A'g(Cl,Br,I)].  Crystals  cubic  in  habit. 
Twinni;ig  on  in.  Usually  massive,  encrusting.  Cleavage  none.  H.  = 
I. -2.  G.  =  5.4-6.  Insoluble  in  HNO_;  soluble  in  NH^OH.  Isotropic. 
Refringence  very  high.  «  =  2.0611,  increasing  in  bromyrite  to  «  =  2.2533. 
Color  (cerargyrite)  pearl  gray,  grayish  green,  whitish  to  colorless,  turn- 
ing to  violet  brown  when  exposed  to  sunlight ;  (emholite)  grayish  green 
and  asparagus  green  to  yellowish  green,  or  yellow,  turning  dark  on  ex- 
posure: (bromyrite)  yellow  to  amber  yellow,  slightly  greenish  especially 
externally,  little  altered  on  exposure:  (iodembolitc)  sulphur  yellow,  some- 
times greenish.  Luster  resinous.  Found  chiefly  in  veins  in  the  oxydized 
zone,  with  other  silver  ores  and  with  ores  of  copper,  lead,  etc. 

HAMBERGITE. 

Okthorhombic  a:  &:  c:  :o.799:  I  :o727  Be^(OH)BO, 

Phys.   Char.     Crystals  prismatic,  vertically  striated.     Cleavage 
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perfect  ||  oio.  inipcrfcci  1|  loo.    H.  =  7.3.    G.  ^a.js.    Infusible,  but  sub- 
ject 10  detrniinilioii.     Insoluble,  except  in  HF. 

On.  Pan)-.  The  plane  of  the  opiic  axes  is  parallel  to  OIo;  Ittc 
positive  acute  biwcirix  i<  normal  10  001.  Birefringence  very  strong.  Op- 
tic angle  large:  ditpersion  weak  p>v. 

C+)  2f  =  87'r'Na  (3A/,  =  95°+iNa) 
M,=  i.6jii    n„=  1.5908    Hp=  1-5595 
B,  — np=o.x>7i6 
Color  grayish   while,      Luster  vitreous. 
Occur.     Found   in  n   pcgmatitic  vein   in   Nonvay.     Very   rare. 

HANKSITK 

Hex.^oNal  c  =  1.014  gNa^SO,  ■  2N'a,CO-  ■  KCI   , 

Pkvs.  Char,  Crystals  short  ptivms  with  pyramid  and  base, 
somctitncs  tabular.  Cleavage  distinct  ||  0001,  H.  =  3.-3.5.  G.  — 2.50. 
Fuses  easily.     Effervesces  with  acids.     Soluble  in  HjO;  taste  saline. 

Opt,    Prop.     Uniaxial    and    negative.      Refringence    low;    birf<>^ 
fringence  modi-ratc  '  ■■ 

r.^  =  1,4807    irp=l.4&l4  H 

",  — "p^aoiM  ^ 

Color  white,  slightly  yellowish.     Luster  vitreous, 
OccfR.    Found  with  Iwlite,  thenardilc.  glsuberite,  etc,  in  Cali- 
fornia.   Rare. 

HARDYSTONITE. 

TrrR.icdN.vi,  I-  =  ?  GijZnSijO. 

Ptiv^,  Chah.  Cr)■stal^  unknown:  in  granular  tiias!ei :  clcavagi: 
good  II  oot,  sometimes  distinct  j]  100  and  no.  H.  =  3.-4.  G.  =  3'4-  Fuses 
with  difficulty.     Gelatinizes  with  HCl. 

Opt.  Prof.  Uniaxial- and  negative.  Refringence  high.  Color 
white, 

",=  1,6691    dp  =1.6568 
",  — np  =  O.0l23 
:  Franklin  Furnace  with  wiUemite,  rhodonite. 


HARMOTOME,  sec  zeolite  group. 

HARSTIGITK. 

H,(Ca,Mn),jAlj(SiO^),„ 
Mg  present  in  small 

Phys,  Ch.\r.  Crystals  prismatic,  with  OiO  and  on  prominent. 
Cleavage  unknottii,  H,  =  5,5.  G,  =z  3JJ5.  .After  ignition  easily  soluble 
in  HCl 

Opt.  Prop,  The  optic  plane  is  parallel  to  010;  the  acute  bisec- 
trix Z  is  normal  to  100.  Refringence  high ;  birefringence  weak.  Optic 
angle  large;  dispersion  p<v,  weak. 
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(+)  2£  =  90°2/Na 
«g  =  1 .683 1     Wp  =  1 .6782 
«g  — Up  =  0.0049 
Colorless.     Luster  vitreous. 
Occur.    Found  in  veins  with  garnet  and  rhodonite.    Very  rare. 

HATCHETTOLITE,  see  pyrochlore  group.  HAUTEFEUIL- 
LITE,  see  vivianite.  HAUYNITE,  see  sodalite  group.  HEDEN- 
BERGITE,  see  pyroxene  group. 

HEINTZITE. 

MoNOCLiNic  a\b:c:\  2.914 :  i :  1.734  ^^^2^0^16  +  ^^o^  ^ 

j8  =  80°  12' 

Phys.  Char.  Cr>'stals  pyramidal ;  often  hemimorphic.  Cleav- 
age perfect  ||  100  and  001.  H.  —  4.-5.  G.  =  2.13.  Very  easily  fusible 
with  intense  green  flame  color.     Soluble  in  acids. 

Opt.  Prop.  The  optic  plane  and  obtuse  bisectrix  X  are  normal 
to  010.  The  extinction  in  010  is  7°  to  15°  from  one  of  the  cleavages  in 
the  acute  angle  p.    2//  =  104°  27'  Na.    Colorless  to  white. 

Occur.     Found  in  salt  deposits  with  boracite.     Very  rare. 

HELLANDITE. 

MoNcx-UN'rc         a\b:c'.:  2.0646 :  i :  2.1507  Ca[  (  Al.Y,Er.Fe)OH]j^Si^O^. 

^=109°  45' 
Phys.  Char.     Crystals  sometimes  tabular   ||  010;   twinning  on 

001  common.    H.  =  5.5,  when  unaltered.    G.  =  3.35-370.     Soluble  in  HCl. 
Fusible  easily. 

Opt.  Prop.  The  optic  plane  is  normal  to  010;  Z  makes  an 
angle  of  43J^°  with  c  in  the  acute  angle  p.  Twinning  bands  parallel  to 
100  arc  very  common.  Birefringence  weak,  and  disappears  gradually  upon 
alteration;  at  the  same  time  the  angle  Z  At*  slowly  decreases.  Optic  angle 
large:  apparently  positive. 

(+)     2F  =  80°  ±L 
tig  —  flp  =  O.OI  I+I 

Colorless  to  pale  reddish  brown  in  thin  section  without  pleo- 
chroism. 

Occur.  Found  iji  pegmatite  dikes,  with  tourmaline,  titanite. 
phcnacite,  thorite,  and  allanite.     Very  rare. 

HELVITE. 

Isometric  (Mn.Fc)  (Mn^S)Bc,(SiOJ.. 

Phys.  Char.  Commonly  in  tctrahcdral  crystals;  rarely  dodec- 
ahedral.  Also  in  spherical  masses.  Cleavage  1 1  in  in  traces.  H.  =  6.- 
6.5.  G.  =  316-3.36.  Fuses  at  3.  with  intumescence  to  yellowish  brown 
opaque  bead.  Soluble  in  HCl  with  separation  of  gelatinous  silica  •  and 
evolution  of  hydrogen  sulphide. 

Opt.   Prop.     The  mineral   is  monorcfringcnt. 

«  =  1.739 


Ccdor  hooey  jdlow,  bmmidi,  gntniA,  reddiafa;  in  thin  Mo- 
tion TcUowisb,  often  in  triansnlar  MCtioiw  witi)  irrcgtilar  fnctnre  and 
high  rf  liel 

OccuB.  Found  in  nepfaclinc  tytaite,  in  pegmatite  vdos,  la 
syenite,  and  in  certain  gneiues.  ' 

DuaUH  varies  from  betnte  in  containing  some  zinc.  Color 
fiesb-red  to  gray.  Fakr  in  ccrior  m  section.  laotrofiic.  Rare.  Found  in 
granite. 

Due.  Monoref ringencc,  high  relief  and  triangular  lectioiu  arc 
quite  characteristic    Chemically  may  be  tested  for  manganese  and  snlphiir. 

HIEHAFIBRITB. 

Oktbobhokkc  a:b:e::o.sa6:i:i.iSi  Hn,(OH),AsO,  +  H,0 

Phys.  Cbac  Ciyitals  priamatic,  often  filwons  radiated.  Clenr^  • 
age  distinct  ||  oio,  less  lUstinct  ||  ita  H.  =  3.  G.=3jS.  Easily  fasAle.' 
Soluble  in  Ha 

Opt.  Paap.    The  optic  plane  is  paralld  to  too;  tite  {Kisitire 
acme  bisectrix  is  uonnal  to  ooi.    Optic  ani^c  large;  diversion  p'>v. 
(+)2fi=;o"± 

Color  brownish  red  to  bbck.  Streak  brick  red.  Lnitcr  nt> 
reous  to  greasy. 

Ooctn.    Found  in  manganese  : 
to  a  black  foliated  mineraL    Very  rare. 

HSHATITE. 

Rhomdohedral  c:=  1.35914  Fe^O, 

Phys,  Chak.  Found  in  crystals  of  varied  habit ;  rhom- 
bohedral  faces  usually  prominent  with  or  without  the  base.  Also 
■lamellar,  coiumnar,  fibrous,  oolitic,  granu- 
lar, compact,  or  earthy.  \o  cleavage,  but 
sometimes  parting  ||  0001,  or  loii,  the  lat- 
ter due  to  polysynthetic  twinning.  H.  — 
5.5-6.5.  G.  =  4-9-5.3-  Infusible  but  be- 
comes magnetic  in  reducing  flame.    Soluble  ^  sympip  crystal 

„_       '^  *•  form   of  b<!matUe. 

in  HU. 

Opt.  Prop.    Uniaxial  and  negative.     The  refriiigence  ' 
is  very  high  and  the  birefringence  very  strong. 
"«  =  3042     Hp  =  2.797 
M,  —  Mp  =  0.245 
Color  of  crystals  steel  gray  to  iron  black  with  good  to 
brilliant  luster.    Earthy  varieties  red.     Streak  red.     Opaque  ex- 


1  Sweden.    Alters  easily 
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cept  in  very  thin  scales  which  are  blocxi  red  and  slightly  pleo- 
chroic,  as  follows : — Z  brownish  red,  X  yellowish  red. 

Alter.  Hematite  is  a  common  alteration  product,  but  it 
may  itself  alter  to  magnetite,  siderite,  limonite,  pyrite,  etc. 

Occur.  Hematite  often  occurs  as  microscopic  inclu- 
sions and  alteration  products  in  many  minerals  and  rocks,  color- 
ing them  red.  It  is  also  found  as  a  product  of  fumaroles  in  large 
crystals  in  eruptive  rocks.  It  occurs  as  a  product  of  contact 
metamorphism,  and  in  various  trystalline  schists.  It  is  common 
in  many  mineral,  as  well  as  in  metalliferous,  veins.  Finally,  it 
is  very  abundant  in  some  ordinary  sedimentary  rocks.  It  is  one 
of  the  most  widely  disseminated  of  minerals. 

Dix\G.  Distinguished  from  magnetite  and  ilmenite  by 
the  deep  red  color  of  thin  scales  or  of  powder.  Cinnabar  has  the 
color  of  massive  hematite,  but  it  has  perfect  hexagonal  prismatic 
cleavage,  is  positive,  and  is  of  very  restricted  occurrence.  More- 
over, it  has  much  higher  specific  gravity  (8.-8.2)  than  hematite. 

HEMATOLITE,  see  flinkite.     HERCYNITE,  see  spinel  group. 

HERDERITE. 

MoNOCLiNic  a:  bic:: 0.6307 :  i : 0.4274  [Ca(F,OH) ]BePO^ 

i8  =  89°54' 
Phys.  Ch^     Crystals  often  somewhat  elongated   ||  a,  some- 
times monoclinic  in  habit,  but  commonly  pseudo-orthorhombic  by  pene- 
tration twinning  on  001.     Cleavage  ||  no  in  traces.     H.  =  5.     G.  =  2.99- 
3.01.     Fuses  with  difficulty,  phosphorescing.     Soluble  in  acids. 

Opt.  Prop.  The  plane  of  the  optic  axes  is  parallel  to  010,  and 
the  negative  acute  bisectrix  X  makes  an  angle  of  about  +2°  with  a. 
Optic  angle  large ;  axial  dispersion  p  >  v;  inclined  dispersion  distinct. 

(— )  2F  =  68°-74°   (2£=i2i**-i28*') 

fig  =  I.62I      ftni  =  I.612     ftp  =  1.592 

nj  —  np  =  0.029 
Color  yellowish  to  greenish  white.     Luster  vitreous.     Colorless 
in  thin  section. 

Occur.    Found  in  veins  in  granite;  very  rare. 

DiAG.    Distinguished   from  topaz  by  strong  birefringence. 

HERRENGRUNDITE,  see  brochantite.  HEULANDITE,  see 
zeolite  group.  HIORTDAHLITE,  see  pyroxene  group.  HOMI- 
LITE,  sec  datolite  group. 

HOPEITE. 

Orthorhombic  a:b:c:: 0.578 :  i :  0.476  Zn^ ( PO  ) ^  -f  4H^O 

Phys.  Char.  'Crystals  minute  prismatic,  or  in  aggregates  of 

tabular  (||  100)  to  fibrous  forms,  the  latter  divergent.     Also  in  reniform 


Geavage  perfect  [)  loo,  less  perfect  [|  oio.  and  poor  |]  cx)i.  H.= 
2.5*3.  G.  =  3^3.i.   Fuses  at  about  s  to  colorless  globule.  Soluble  in  acids. 

Opt,  Prop.    The  optic  plane  is  parallel  10  001 ;  the  acute  bisec-    , 
trtx  X  is  normal  to  010.    Birefringence  strong.    Optic  angle  large;  dis- 
persion p<.v  weak.     Sometimes  apparently  uniaxial  by  superposition  of 
laminae.  -■,' 

«.=  I.S8-1A.  2 

Color  grayish  while,  reddish  brown.  Colorless  in  sectjoe.  -J^ 
^-Hopeite  differs  from  a-hopette  (described  above)  in  its  wa£- 
er  birefringence,  and  the  variable  position  of  the  optic  plane,  either  parallel 
or  normal  to  001.  Also,  the  optic  angle  (2£)  is  only  32°  in  the  former 
position,  and  20°  in  the  latter.  Chemically  the  two  varieties  have  the  same 
formula,  but  the  curves  showing  the  loss  of  water  upon  heating  are  dif- 
ferent. 

Parahopeite  is  a  name  proposed  for  a  tridinic  phosphate  of 
the  same  composition  as  hopeite.  Crystals  are  lamellar  to  tabular  ||  100. 
Multiple  twinning  on  100  common.  Cleavage  perfect  ||  010.  H.  =  3.5-4. 
G.  =3.31-  Soluble  in  HCl.  Easily  fusible.  Optic  plane  and  one  optic 
axis  nearly  normal  to  010.  in  which  the  extinction  angle  measured  or  r 
varies  from  0°  to  35°.  Extinction  angle  on  c  in  100  is  30°.  The  obtuse 
bisectrix  X  is  approximately  normal  to  100.  Refrii^ence.  n  =  1.63.  Bi- 
refringence rather  strong.  Colorless.  Found  in  cellular  limonite  in  zinc 
deposits  in  Rhodesia. 

Occcs.  Hopeite  is  found  in  cavities  in  calamine  in  zinc  mines, 
«nd  on  bones  in  caves.     Very  rare. 

HORNBLENDE,  see  amphibole  group. 

HUEBNERITE. 

MoNooamc  a:  ^;^::o.83o:  1:0.868  MnWO^ 

j8  =  8!)'22' 

Coup,  Often  contains  more  or  less  Fe,  thus  grading  to  wol- 
framite. (FcMn)WO,. 

Fhys.  Char.  Crystals  long  prismatic;  also  tabular  ||  100.  In 
bladed  crystals  or  lamellar ;  columnar,  granular,  massive.  Cleavage  per- 
fect II  010;  parting  ||  loo  and  102.  H.  =  s.-SS.  G.  =  7.2-7.5.  Fuses  and 
reacts  for  Mn,    Decomposed  by  aqua  regia. 

Opt.  Prop.    The  plane  of  the  optic  axes  and  the  obtuse  lusec- 
trix  are  normal  to  010 ;  the  acute  bisectrix  Z  makes  an  angle  of  + 17" 
with  c.     Wolframite,  according  to  Miers,  is  uniaxial    ( ?)   and  positive, 
with  n,  —  ftp  ^=0.020.    Hiibnerite  has  a  large  optic  angle. 
■2V  =  75-  U 

Color  brownish  red  to  black,  brown,  grayish  blac)c  Streak 
yellowish  brown,  greenish  gray,  black.  Pleochroic  in  thin  section,  with 
Z  green,  Y  yellowish  brown. 

Occur.  Found  in  veins  with  copper,  manganese,  tin  ores; 
often  associated  with  scheelite,  fluorite.  rhodochrosite,  etc 
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Humite  Group. 

The  humite  group  consists  of  four  minerals  which  are 
orthosilicates  of  magnesium  containing  the  univalent  radical 
[Mg(F,OH)].  From  their  symmetry  prolectite,  chondrodite  and 
clinohumite  are  monoclinic,  and  humite  is  orthorhombic,  but  the 
variation  of  the  angle  ^  is  so  slight  in  the  former  that  it  has  not 
been  measured?  Mallard  considers  humite  also  monoclinic  and 
attributes  its  apparent  orthorhombic  symmetry  to  submicroscopic 
twinning.    The  group  is  closely  related  to  the  olivine  group. 

In  physical  characters  the  minerals  of  the  group  are 
very  similar.    The  monoclinic  minerals  show  polysynthetic  twin-  q 

ning  with  001  as  the  twinning  plane.  This  is  supposed  to  exist 
as  a  submicroscopic  twinning  in  the  orthorhombic  humite.  They 
all  have  distinct  cleavage  parallel  to  001 ;  this  is  usually  not  well 
marked  in  thin  section.  H.  =  6.-6.5.  G.  =  3- 1-3-2.  Color  yellow 
to  reddish  brown  in  mass ;  colorless  to  bright  yellow  in  thin  sec- 
tion. 

The  length  of  the  vertical  axis  varies  with  the  number 
of  atoms  of  magnesium  that  are  present,  as  shown  in  the  follow- 
ing table: — 

'       c 
3  X 0-6287      [Mg(F,OH) l^MgSiO^ 
5  X0.6289      [Mgr(F.OH)]2Mg3(SiOp2 
7  X  0.6291      [Mg(F.OH)]2Mg5(SiOp3 
9  X  0.6288      [Mg(F,OH)]2Mg/SiO^)^ 


a     :  b 
Prolectite  1.0803  - 1 

Chondrodite  1.0863:1 

Humite  1.0802:1 

Clinohumite  1.0803  •  ^ 


PROLECTITE. 

Monoclinic  a:b:c::  1.0803 :  i :  1.8862  [Mg(F,OH)  l^MgSiO 

i8  =  90° 
Phys.  Char,    Similar  to  chrondodite.     Only  two  fragmentary 
crystals  known. 

Opt.  Prop.  The  plane  of  the  optic  axes  is  inclined  44**  to  47® 
15'  to  001,  or  46°  to  42°  45'  to  c,  and  the  positive  acute  bisectrix  is  nor- 
mal to  010.    The  optic  axial  angle  is  large,  and  the  relief  is  high. 

(+)  2/i:,  .=  79N5' Na 
n  =  1.6703  Na 
Similar  in  other  optical  characters  to  chondrodite. 
Occur.    Known  only  at  one  locality  in  a  vein  in  Sweden. 
DiAG.    Differs  from  other  humites  in  extinction  angle  (45°  it) 
as  measured  on  the  cleavage  ||  001  or  the  polysynthetic  twinning  ||  001. 

CHONDRODITE. 
Mono.      a:b:c.:  1.0863:1 :  3.1445      [Mg(F,OH)l2Mg3(SiOj2 

Phvs.  Char.     Crystals  varied  in  habit,  often  flattened 


^'  . 


CHONDROOt-rc: 


I!  oio.  Twinning  polysynthetic  with  ooi  as  twinning  plane. 
Also  massive,  eompacl,  and  in  embedded  grains.  Cleavage  1 1  OOI 
sometimes  distinct.  H.  —  6.-6.5.  G.  =  3.1-3.2-  Infusible.  Gel- 
atinize with  acids.     Give  tests  for  fluorine. 

Opt.  Prop.    The  plane  of  the  optic  axes  is  normal  to 
010  and  makes  an  angle  of  26°  to  30°  with  001,  and  the  posi- 
tive acute  bisectrix  is  normal  to  010.    The 
optic   axial   angle   is   large.     Crossed   dis- 
persion with  p>f. 

(  +  )  2H^  =  S6''-Sg'  2^  —  70°  40'Na 
".  =  1-639    "".  =  1-619    "b  =  1-607 
«,  —  «,  —  0.032 

Color    light    yellow    to    brownish 
red ;  in  thin  section  chondrodite  is  colorless 
td  brownish  yellow.     Pleocbroism   is   dis- 
tinct in  colored  varieties  as  follows : — 
Z  =  pale  yellow 

(or  colorless,  or  pate  yellowish  green). 
Y  =  very  pale  yellow 

(or  colorless,  or  pale  yellowish  green). 
X  =;  pale  golden  yellow 
(or  brownish  yellow). 

The  absorption  is  X>Z>Y. 

Al,TER.  .\]\  of  the  minerals  of  the  humite  group  alter 
readily  in  the  same  way  as  olivine.  Serpentine  minerals  are  the 
common  product,  usually  chrysotile  or  antigorite,  Brucite  is 
another  common  product.  Finally,  carbonates  of  magnesium  may 
form. 

Occur.  Found  in  crystalline  limestones,  in  limestone 
masses  caught  in  volcanic  rocks,  and  in  some  metalliferous  veins. 
Clinohumite  is  more  abundant  than  chondrodite,  and  humite  less 


FIB.    130. 
Icul    "Tlf^nlBtion 
f    chunarudlie 


DiAC.  Distinguished  from  the  other  humites  by  the 
extinction  angle  as  measured  on  the  cleavage  or  the  polysynthetic 
twinning.     See  humite  and  clinohumite. 


Orth.      a:  &rc::  1.0802: 1:4.4034      rMg(F,OH)ljMg,(SiO,); 

Phys,  Char.     Crj'stals  usually  small  with  many  faces 

somewhat  elongated  1 1  a  or  1 1  c.    Basal  cleavage  present,  but  not 
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Plff.   131, 

Optical    orientation 

of   humite. 


distinct  in  thin  section.     H.  =  6.-6.5.    G.  =  3.1-3.2.     Gelatinizes 
witli  acids.    Gives  test  for  fluorine.  Infusible. 

Opt.  Prop.  The  plane  of  the  optic  axes  is  parallel  to  001 ; 
the  acute  bisectrix  Z  is  normal  to  010.  The  optic  axial  angle  is 
large.    Dispersion  p>z/. 

(+)  2//^  =  78**  to  79°  Li  2V  =  er  54' 

«xn=  1.643 

ng  —  n^=-  0.032  to  0.038 

Color  white,  yellow,  brown;  in  thin 
section  pleochroism  is  perceptible  in  colored 
varieties.    The  absorption  is  X>Z>Y. 

Z  :=  Y  =  very  pale  yellow  to  colorless. 
X  =.  pale  golden  yellow. 

Ali-er.    Similar  to  chondrodite. 

Occur.  Found  in  crystalline  lime- 
stone, in  limestone  masses  caught  in  volcanic 
rocks,  and  in  some  metalliferous  veins. 

DiAG.  The  extinction  angle,  meas- 
ured on  the  cleavage  (or  on  the  polysynthetic 
twinning  in  the  monoclinic  species),  in  a  section  parallel  to  010, 
1.  e.,  normal  to  Z,  the  acute  bisectrix,  is  0°  in  humite,  7**- 12**  in 
clinohumite,  26*^-30**  in  chondrodite,  and  about  45**  in  prolectite. 
Polysynthetic  twinning  is  not  present  in  humite.  The  humite 
group  presents  the  same  pleochroic  colors  as  staurolite,  but  the 
golden  yellow  color  occurs  parallel  to  Z  in  the  latter.  It  is  very 
difficult  to  distinguish  orthorhombic  humite  from  the  magnesian 
olivines  without  a  chemical  test  for  fluorine;  however,  the  optic 
plane  is  parallel  to  the  cleavage  in  humite  and  perpendicular  to 
the  best  cleavage  in  olivine. 

CLINOHUMITE. 

Mono.       arfrrc::  1.0803:  i  :  5.6588       [Mg(F,OH)]2M,(SiOJ, 

)S  =  9o« 

Phys.  Char.  Crystals  usually  with  many  faces.  Twin- 
ning polysynthetic  with  001  as  twinning  plane.  Also  massive. 
Oeavage  ||  001  sometimes  distinct.  H.  =  6.-6.5.  G.  =  3.1-3.2. 
Infusible.    Gelatinizes  with  acids.    Gives  test  for  fluorine. 

Opt.  Prop.  The  plane  of  the  optic  axes  is  normal  to 
010,  and  makes  an  angle  7°-i2**   with  001,   and  the  positive 
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sectrix of  twinned  crystals  the  plane 
ai^e  of  7*  to  12**  (or  30*  in  diondrodite)  with  the  twinning 
plane,  while  in  titanolivine  it  is  Y  which  makes  an  angle  of  20^ 
with  the  twinning  plane. 

HUREAULITR. 

MoNOOJXic  a:b:c::  1.919:  i : a52S  H^Mn^CPO^)^  +  4HjO 

Phys.  Chab.  Ciystals  short  prismatic  tabular.  In  sheaf-like 
groops:  also  massive,  scaly  or  fibrous.  Qeavage  distinct  ||  100.  H.  =  5. 
G.  =  3- 1 5-3. 19.     Fusible.    Easily  soluble. 

Opt.  Pkop.  The  opdc  plane  and  the  negative  acute  bisectrix 
are  normal  to  010:  ZAr=  +  75^.  Optic  angle  large;  axial  dispersion 
pK.v  strong  with  distinct  crossed  di^ersioiL 

(— )  2E=i73^52' 
Color  orange  red.  rose  violet,  pink,  grayish,  nearly  colorless. 
OccuiL    Found  in  pegmatitic  veins  in  granite.    Rare. 

HUSSAKITE,  see  xenotime.    HUTCHINSGNITE,  see  smithite. 
HTALOPHANE,  see  feldspar  group. 
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HYDRARGILLITE.  (Gibbaitc). 
MoNOCLiNic  a:b:c::  1.7089: 1 : 1.9184  Al{OH), 

;8  ^85=29' 

Phys.  Char.  Crystals  uncommon ;  hexagonal  in  appear- 
ance by  the  presence  of  001,  100  and  1 10 ;  usually  flattened  { |  ooi. 
Often  in  microscopic  lamellae.  Also  in  concretions,  in  stalactites, 
or  in  crusts.  Cleavage  micaceous  |1  001  giving  lamellae  slightly 
flexible ;  percussion  figures  similar  to  those  of  the  micas,  produc- 
ing lines  perpendicular  to  the  sides  of  the  hexagon.  Twinning 
common  of  various  types.  The  twinning  plane  may  be  001,  or  a 
plane  normal  to  cor  making  an  angle  of  119°  10'  with  100  in  001, 
and  an  angle  of  0°  32'  with  1 10  in  001 ;  in  this  type  of  twinning 
the  basal  planes  are  parallel,  while  the  zone  001 :  100  of  one 
crystal  coincides  with  the  zone  001:110  of  the  other.  Other 
types  of  twinning  occur  more  rarely — these  types  may  combine 
in  a  single  crystal  like  thcalbite  and  pericline  twinning  in  the 
feldspars.  H.  =  2.5-3.5.  G.  =  2.3-2.42.  Infusible ;  gives  water 
in  the  closed  tube.     Soluble  in  sulphuric  acid. 

Opt,  Prop.  The  variations  observed  in  the  optic  prop- 
erties are  probably  connected  with  the  temperatures  which  the 
minerals  experienced  at  the 
time  of  their  formation  (or 

later),  since  heat  has  very  '^V^ 

marked  efTect  upon  the  op- 
tic angle  and  position  of 
the  optic  elements.  At 
ordinary  temperatures  the 
plane  of  the  optic  axes  is 
usually  perpendicular  to 
010,  the  plane  of  sym- 
metry, and  the  positive 
acute  bisectrix  makes  an  angle  with  the  vertical  axis  varying  in 
different  occurrences  from  21°  to  44°.  The  angle  of  the  optic 
axes  decreases  with  increasing  temperature  until  at  about  27'C, 
the  mineral  is  sensibly  uniaxial  for  blue;  above  that  temperature 
the  optic  axes  open  out  with  increasing  temperature  in  010,  the 
plane  of  symmetry. ,  Upon  cooling  the  change  reverses  itself. 
In  nature  the  mineral  occurs  with  the  optic  angle  in  any  of  the 
positions  thus  produced  by  heat.  The  refringence  is  low,  and 
the  birefringence  moderate.  The  angle  of  the  optic  axes  is  always 
small,  and  may  be  0°.    Dispersion  p^v  strong. 
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(+)  2r  =  o=-4o' 

«.^i'5577     "u,  -  w^  =  1.5347 

«■*— Mp  =  0.023 

These  measures  were  made  upon  die  mineral  from  Nor- 
way, which  is  uniaxial.  The  indices  must  vary  with  the  varying 
optic  angle,  and  the  birefringence  probably  varies  also.  On 
Brasilian  hydrargillite  n,  —  Hj  =:  0,019  according  to  Lacroix. 

Color  white,  grayish,  etc. ;  colorless  in  thin  section. 

Occur.  Often  associated  with  corundum  and  emery; 
also  a  common  decomposition  product  of  feldspars  in  laterite,  and 
in  basalts  altered  to  bauxite. 

DiAG.  Distinguished  from  kaolinite  by  the  strong  bire- 
fringence, from  calcitc  and  muscovite  by  the  optic  sign  and  the 
distinctly  inclined  extinction,  from  brucite  and  wavellile  by  the 
inclined  extinction  and  chemical  reactions. 

HYDROMAGNESITB. 

Obth.  a:b:c::  lAI? :  1 : 0.465  jMgCO,  ■  Mb(OH)j  +  jH^O 

Phvs,  Chab.  Crystals  small,  acicular  or  bladcd;  in  tufts  or 
criisls ;  massive.  Cleavage  unknown.  H.  =  3.5.  G,  =  2.14-2.18.  Infu- 
sible,    Soluble  with  effervescence. 

Opt.  Prop.  The  opiic  plane  is  parallel  to  ooi ;  therefore  Y  is 
parallel  to  the  prism  and  the  elongation  is  ±.  Ri^fringence  low:  i.^ 
1,538^  «_  =  1 .530,  Hf  —  y-,  H,  —  n,  =  o.ois  approx. 

Color  while  to  grayish  or  yellowish.    In  thin  section  colorless. 

Occur.  Found  chiefly  in  serpentine  as  an  alteration  product; 
sometimes  associated  with,  and  an  alteration  product  of,  brucite. 

HYDRONEPHELITE.  see  zeolite  group. 
HYDROTALCITE  (Vaiknerite). 
Hexaconm.  Axial  ratio  unknown  Al(OH),' 3Mg{OH)j-3HjO 

Phvs,  Chak.  Usually  fibrous;  sometknes  foliated.  Cleavage 
perfect  1|  0001.  Feel  greasy.  H.  =  a.  G.  =  3.04-2.09.  Gives  much  water 
in  the  closed  tube.     Infusible,  but  exfoliates  somewhat.     Soluble. 

Oft.  Prop.  Uniaxial  and  negative.  Refringence  very  low ; 
birefringence  rather  weak. 

"•  =  147 
",  —  »B  =  <M>I4 
Color  white:  luster  pearly.    Colorless  in  thin  section. 
Occur.    Found  in  crystalline  schists  and  serpentine.    Rare. 
P7roaurit«   differs  from  hydrotalcite  in  containing  Fe^Oj  in- 
stead of  alumina.     It  occurs  in  hexagonal  or  rounded  plates  with  f  = 
3.607,     Yellow  to  brownish.     Negative  and  uniaxial,  with  weak  birefrin- 
gence. 
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DiAG.  Hydrotalcite  is  distinguished  from  brucite  by  its  oppo- 
site sign,  stronger  birefringence,  and  much  lower  refringence;  it  also 
contains  alumina. 

ICE. 

Hexagonal  c  =  1.403  H^O 

Phys.  Char.  Complete  crystals  rare ;  often  in  skeleton 
snow  crystals  of  hexagonal  s)rmmetry.  Usually  tabular  1 1  0001 ; 
also  granular  massive.  Gliding  plane  1 1  0001  developed  by  pres- 
sure.   H.  =  1.5.    G.  =^  0.918.    Becomes  water  at  o**  C. 

Opt.  Prop.  Uniaxial  and  positive.  Refringence  lower 
than  that  of  any  other  mineral ;  birefringence  weak. 

At  8°C  At  8*C.  At  3.8*C. 

ftg  =:  1.3037  Li  1.3133  Na  1.3163  Tl 

ftp  =  1.2970  Li  1.3090  Na  1.3107  Tl 

fig  —  np  =  0.0067  Li  0.0043  Na  0.0056  Tl 

Colorless  to  white.    In  thick  masses  pale  blue. 

Occur.  Abundant  as  a  temporary  constituent  of  sur- 
face rocks  filling  pores,  fractures  and  cavities  in  winter  in  cold 
climates;  also  found  occasionally  at  some  depth  below  the  sur- 
face. Also  formed  over  lakes  in  crusts  or  layers  composed  of 
large  acicular,  irregularly  arranged  aggregates,  or  prisms  ar- 
ranged with  vertical  axes  all  normal  to  surface  of  water.  In  gla- 
ciers forming  large  masses  whose  texture  is  like  that  of  granular 
limestone.  In  snow  crystals  of  skeleton  hexagonal  forms  of  great 
variety.  In  frost  often  dendritic,  stellate,  etc.  In  hail  anhedral 
crystalline  aggregates. 

Ilmenite  Group. 

The  ilmenite  group  includes  several  titanates  of  iron, 
magnesium  or  manganese.  These  minerals  are  chemically  closely 
allied  to  perovskite  (CaTiOg),  while  crystallographically  they 
are  closely  related  to  hematite  (FeFeO.,)  and  corundum 
(AIAIO3).  We  follow  Lacroix  (Min.  Fr.  III.  284)  in  assigning 
the  name  crichtonite  to  FeTiO.,  and  ilmenite  to  Fe(Ti,Fe)03. 
These  minerals  are  rhombohedral.    They  are  as  follows : — 

Crichtonite  c  =■  1.3846  FeTiOj^ 

Ilmenite  r=  1.3846  wiFeTiO, -h  wFe,.0-  or    Fe(Ti,Fe)0, 

Geikielite  c=  ?  MgTiO^ 

Pyrophanitc  c  =  1.369  MnTiOj 

Crichtonite  is  relatively  rare,  ilmenite  being  much  more 
abundant.    It  does  not  differ  in  character  from  the  latter. 


> 


lUlBMXTB  (lI«wcc«Ai). 

Rbombohbdial  (=1.3846  Fe(Ti,Fe)Oa 

Phys.  Cbam.  Crjttiis  commonly  show  riiombohednl 
itiid  ba&ol  faces  with  ftattentng  j  |  oooi.  Also  acute  rhombo- 
heUrons  with  the  base,  prisms,  etc.  Often  in  diin  laminx;  also 
oussive.  Twinoins  with  0001  as  the  twinning  i^jaoe  and  rota- 
tioa  of  yt'  :  also  with  lol  1  as  tv^inning  |dane.  Cleavage  or  pelt- 
ing ||  OOOI.  R  =  5.-6.  G.  =  4.5-5.  Nearly  infnsiMe.  Slcni^ 
•ohihle  is  HCL  IV  most  rapid  and  convenient  test  for  titaoi- 
tMR  cteMkaCr  e  tp  add  a  drop  of  this  solution  to  a  solutkni  of 
MOtfUar  in  cvsccntrated  H^SO^  producing  a  crimson  ccJor,  or 
10  a  vriMlaM  V4  ttirmol  producing  a  garnet  red,  or  to  a  solution  of 
ti  fhmet  «r  iga3ik  acid  pn>duciitg  a  brick  red  color. 

CVt.  F»OF,  Opaque ;  rarely  translucent  and  dark  brown 
i)a  vvr*  t^  wctions.  Luster  metallic  or  sulmietallic ;  color  iron 
MbKk  V cnchtunitv,  violet  black)  sometimes  brownish  in  reflected 
Igjbft     Stctit-ws  of  crystals  hexagonal. 

.\ltkx.  Alters  often  to  Icucoxene,  which  is  supposed  to 
W  *  WMrty  of  litanite ;  this  may  be  accompanied  by  the  forma- 
tjim  ti  rutile.  Much  more  rarely  alt«r3  to  octahedrite ; '  in  the 
yliyHftvs  it  s<wietimes  alters  to  siderite  and  mtile: 

Oca;B.  A  common,  but  sparsely  distributed,  constitu- 
i(M  qS  igneous  rocks;  it  is  also  common  in  small  amount  m  many 
HwtaitK>rphic  rocks;  finally  it  occurs  in  many  veins,  and  also  in 
Alluvial  sands. 

DiAa  In  thin  section  distinguishable  from  magnetite 
only  when  the  alteration  product  (leucoxene)  is  present.  Chem- 
ically it  is  characterized  by  the  presence  of  titanium  with  iron. 
Non-magnetic. 

OEIKIELITE. 
Rhombokedkal  MgTiO^ 

Phvs.  Chak.  Massive,  in  pebbles.  One  perfect  and  one  im- 
perfect cleavage,  nearly  at  Tight  angles.  H.  =  6.  G.  =  3.9B-4-  Infusible. 
Slowly  sohible  in  HG.    Reactions  for  titanium. 

Opt.  Cbak.  Color  bluish  or  brownish  black.  Translucent  in 
thin  section  with  purple  color.  Uniaxial  and  negative.  Refringence  very 
high ;  birefringence  very  strong.    Luster  metallic  to  adamantine. ' 

OccuK.    Found  in  gem  mines  in  Ceylon.    Rare. 

DiAG.  Purple,  uniaxial  and  negative  with  strong  birefringence. 
Contain!  titanium. 
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PYROPHANITE. 

Rhombohedral  c  =  1.369  MnTiOg 

Phys.  Char.  In  very  thin  tabular  crystals  or  scales,  basal 
plane  prominent  and  brilliant,  with  rhombohedrons.  Perfect  rhombohe- 
dral cleavage  ||  022i,  also  cleavage  ||  10T2.  H.  =  5.  G.  =  4.54.  Soluble 
in  HCl.    Reacts  for  titanium. 

Opt.  Prop.  Uniaxial  and  negative.  High  refringence  and  very 
strong  birefringence. 

Ug  =  2.481  (Na)     tip  =  2.210 
Wg  — tip  =  0.271 

G)lor  dark  blood  red;  streak  ocher  yellow,  slightly  greenish. 
Luster  brilliant,  vitreous  to  submetallic.  In  thin  section  yellowish  red, 
i!Ot  pleochroic. 

Occur.    Found  in  the  Harstig  mine  in   Sweden.     Rare. 

DiAG.  Yellowish  red,  negative,  uniaxial  with  very  strong  bire- 
fringence.   Contains  titanium  and  manganese. 

ILVAITE. 

Orthorhombic  a:  6 :r:: 0.6665: 1 10.4427  CaFe^CFeOH)  (SiO^)j 

Phys.  Char.  Compwnly  in  vertically  striated  prisms  elon- 
gated II  c;  pyramid  faces  also  striated.  Also  compact.  Cleavage  distinct 
II  001  and  010,  indistinct  ||  no  and  100.  H.  =  5.5-6.  G.  =  3.99-4.05. 
Fusible  at  2.5  to  black  magnetic  bead.     Gelatinizes  with  HCl. 

Opt.  Prop.    The  plane  of  the  optic  axes  is  parallel  to  100  and 
the    positive    acute    bisectrix    is    normal     to    001. 
Cleavage    indistinct    in    thin    section.      Relief    high. 
Optic    axial    angle    large    in    some    cases,    less    in 
others. 

(+)   2£  =  6o*db 
«„=i.89 

Color  iron  or  grayish  black;  streak  gray- 
ish black.  Luster  submetallic.  Opaque  except  in 
thin  section.  Pleochroism  intense  in  thin  section ; 
according  to  Boggild  ilvaite  has  distinct  pleochroism 
even  in  reflected  light.     Absorption   Z  >  Y  >X. 

Transmitted  light.  Reflected  light. 

Z  =  r  =  dark  green  to  opaque  green 

Y  =  a  =  brown,  nearly  opaque  brown 

X  =  6  =  clear  brown  to  brownish  brown 

yellow 

Alter.    Commonly  alters  to  limonite. 

Occur.  Found  in  iron  ore  in  Tuscany;  as  a  contact  mineral 
in  crystalline  limestone  in  Nassau;  common  as  an  alteration  product  of 
arfvedsonite  and  aegirine  in  alkaline  syenites  and  granites  of  Greenland 
and  some  other  districts.    Rare. 

DiAG.  Crystal  form  quite  characteristic.  In  thin  section  when 
translucent  it  has  the  brown  color  and  intense  pleochroism  of  aenigmatite 


ILVAITt 


CO/ 


010 


Flgr.    134. 
Optical    orientation 
of   ilvaite. 


c  =  oA«>  Agl 

Phvs.     Cbab.    Crystals     prismalic,     henmnorphic.       Tw 

lare  on  3034.     Also  massive  and  lamellar.     Qeavage  perfect   {{  000 1 :   la- 

mtllfc  flfxible.     Soft   G.  =  S-6-S7-     Fuses,  giving  fumes  of  I  and  .\g  glob- 

OpT,  Phop.  Uniaxial  and  positive.  Rcfringence  very  biKh; 
birefringence  slrong.  Suddenly  becomes  isometric  and  isotropic  at  I46°C. 
H  =  3.1816  Na. 

Color  vcllow  to  yellowish  green;  sometimes  brownish.  Streak 
yellow. 

Occur.    Found  in  reins  in  silver  mines.    Rare. 


IsuMetHii-  Fe 

rs.  Char.  Usually  massive;  rarely  in  cubie  or  octahedral 
crystals  with  perfect  cubic  cleavage.  Strongly  magnetic.  H.  =  4.-5.  G.  ■= 
7.J-7.8,     Fusible  at  about  i5O0°C.     Soluble  to  k  yellow  solution  in  HCI. 

Opt.    PlMjp,    Opaque ;   color   iron   black   to   steel   gray.      L-tistcr 

In  thin  section  color  and  luster  only  observed  by  reflected  liglit. 

Alter.    Alters  rapidly  to  limonite  when  exposed  to  the  air. 

Occur.  Rare.  Found  in  some  igneous  rocks  very  sparingly. 
i  found  m  Greenland  in  iia^all.  Iron  i?  found  i 
111  MiTiit'  i-.i-f  ni.ikins  lip  tliL'  cmire  nias?i,  in  oilier  cases  a  large  portion. 
and  in  still  other  cases  a  small  part  of  the  whole.  Meteoric  iron  always 
contains  nickel  (5%  toio%  commonly)  and  a  little  cobalt.  In  this  respect 
it  differs  from  native  iron.  Further  it  shows  Widmanstatten  figures  when 
etched  by  dilute  nitric  acid  upon  a  smooth  surface. 


MoNOCLiNic  a:b:c::i,2i9:i;o.s86  MgSO^  ■  KQ  +  3HjO 

Prys.  Cras.  Crystals  tabular  ||  001.  or  pyramidal.  Granular 
massive:  encrusting.  Cleavage  distinct  ||  loa  also  |[  no  and  010.  H.=: 
2.5-3.     G.  =  2.o6-a.2.     Soluble  easily  in  HjO. 

Opt.  Prop.  The  c^tic  plane  is  parallel  to  010;  the  negative 
acute  bisectrix  makes  an  angle  of  8°  to  10°  with  c  in  the  acute  angle  p. 
Optic  angle  large;  inclined  dispersion  very  distinct  with  p'>v  very  weak. 
(-)  aF  =  84°33'Na  (2E=i4i-±> 

«,=  1.5303     ■„  =  1.5061      i,p  =  I.4(>48 

",  — »p  =  o^55 
Color  white  or  colorless  to  dark  flesh  red.     Odorless  in  sec- 
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OccuB.  Found  with  ptcromerite,  halite,  sylvite,  etc,  in  de- 
posits of  salt  lakes  or  tagoons.    Rare. 

KALINITE. 

IsoMETWC  K,SO^  ■  AIj(SO  J,  +  a4H,0 

Phys.  Chak.  Usually  fibrous,  encrusting,  or  massive.  Arti- 
ficial crystals  often  octahedral;  also  cubic  or  modified.  Twinning  on  ill. 
H.  =  2.-2.S.  G.  =  1-75-  Fuses  in  its  water  of  crystallization  and  froths. 
Soluble  in  H,0. 

Oft.  Prop.  Nortnally  isotropic,  but  molecular  straJn  often  pro- 
duces birefringence.  Refringence  low,  n=  1.4557.  Color  white.  Luster 
vitreous. 

OcctHL  Found  as  an  efflorescence  on  argillaceous  minerals. 
Uncommon. 

KALIOPHILITE,  see  nephelite  group. 

KAOLINITR 

MoNOCLiNic  a:  &'.c::  0.5748:  i:  1.5997  H,AIjSijO, 

Phys.  Char.  Crystals  usually  pseudohexagonal  in  thin 
hexagonal  plates  or  scales,  sometimes  in  fan-shaped  groups.  Other 
faces  rare.  Twinning  similar  to  that  of  the  micas  and  chlorites 
_  common;  other  twinning  rare.  Usually  in  clay-like  masses,  com- 
pact, with  greasy  feel  when  pure.  Perfect  basal  cleavage.  Lam- 
inae flexible,  inelastic.  H.  =  2.-2.5.  G.  =  2.6-  2.63.  Infusible. 
Yields  water.     Insoluble. 

Opt.  Prop.  The  plane  of  the  optic  axes  and  the  obtuse 
bisectrix  are  normal  to  010;  the  negative  acute  bisectrix  makes 
an  angle  of  20°  with  a  normal  to  001  in  the 
acute  angle  jS.  The  angle  of  the  optic  axes  is 
large;  by  superposition  of  lamellte  it  may  ap- 
pear small ;  the  birefringence  is  weak. 
{— )  2r'^68°{9Q°?) 
n  =  1.563 

«( Mp  ^  0.007 

Colorless,  white,  rarely  yellowish, 
brownish,  etc.  Luster  on  cleavage  surface 
pearly;  elsewhere  sub-pearly  to  earthy.  Col- 
orless in  thin  section. 

Occur.  One  of  the  common  altera- 
tion products  of  feldspar;  also  of  nepheline, 
scapolite  and  other  silicates.  Occurs  in  large 
masses  in  clay  beds  as  a  result  of  deccwnposj- 


KAOLINITC 


FlB     136 

Opt  cal    orlentatton 

of   kaotlnlte 


270  OPTICAL  MINERALOGY. 

tion  of  feldspathic  rocks.  Clay  usually  contains  some  quartz  and 
liraonite  as  well  as  kaolinite.  Large  scaly  kaoUnite  often  found 
associated  with  iron  ores  in  the  Coal  Measures,  Also  found  as 
;i  vein  filling  in  fissures  in  various  rocks. 

DiAG.  Distinguished  from  muscovite,  talc,  and  hydrar- 
gillite  by  its  weak  birefringence,  large  optic  angle  and  infusibtl- 
ily;  distinguished  from  pyrophyliite  by  its  weak  birefringence. 
its  negative  bisectrix  not  normal  to  ooi,  its  infusibility,  and  its 
insolubility. 


KATOFORITE.   sec   anipluholc   group. 
KIESERITE. 


Mo.vocLiNic  u:6;i;;:0.gis:  i-  1-757  MgSO, 

Phvs.  Chab.  Crystals  pyramidal,  rare.  Usually  massive  gran- 
ular, compact.  Cleavage  perfect  [|  Tit  and  T13.  imperfect  t|  m.  loi  anJ 
Oia.     H.  =  3.-J.5.     G.  =  2.57.     Easily  fitsiWc.     Slowly  soluble  in   H^O. 

Opt.  Prop.  The  optic  plane  is  parallel  to  010;  the  positive 
aculc  bisectrix  tnakes  an  angle  of  76°  with  c  Optic  angle  large :  inclined 
dispersion  distinct  with  p>v. 

(+)  2E  =  go'  Na. 
n=  t.46 

Color  white,  grayish  to  yellowish. 

Occi'li.  Found  in  salt  beds  at  Stassfurt  and  ehewherc.  oflen 
associated  with  camallitc  and  gjpsum-     Rare. 


1 


Sulphoborite  (aMgSO/ 4MgHBOj  +  ^H^O)  is  an  ortho- 
rhombic  magtiesiisn  salt  with  a:b.c::  0.620 :  i :  0.810.  Crystals  small 
prismatic.  Cleavage  distinct  ||  no,  indistinct  1]  001.  H.=4.  G.^24. 
Fusible  with  intumescence.  Soluble  in  acids.  Optic  plane  parallel  to  oio ; 
acute  bisectrix  X  normal  to  001.  ( — )  2H,  =79''26'Na:  n,^i.5443: 
»ni=''5396.  "p='-.-272:  ".— "„  =  aoi7.  Colorless  or  stained.  Found 
in  salt  mines  with  kieserite,  anhydrite,  carnallite,  etc. 

KOPPITE.  sec  pyrochlore  group. 

KORNERUPINE  (Priunitine). 

Orthorhombic  ft:5:rr:o.854: 1:?  MgAI^SiO, 

Pmvs.  Char.  In  fibrous  to  columnar  aggregates  with  distinct 
prismatic  cleavage.     H.=6.5.     G,  —  3.27-3.34.     Infusible;  insoluble. 

Opt.  Prop.  The  optic  plane  is  parallel  to  100;  the  negative 
acute  bisectrix  is  normal  to  oor.  Axial  angle  variable,  sE  =  14°-  32" 
(korncntpinel ,  and  in  prismatine  the  dispersion  is  p  >  »  weak,  with  2E  =: 
65°  30'  Na(af  =  37°  34'  Na). 

«,=  1,6818    !!,„=  1.680s    «p  =  I.66<)I 
M— II    =0-0127 


KORNER  UPINE—LANGBEJNITE. 


Color  white,  gray,  yellowish  to 
brownish,  rarely  greenish.  In  thin  section 
komerupine  is  colorless  and  pnsmatine  is  yel- 
lowish ;  in  thick  sections  prismatine  has  weak 
plcochroi&m  with  Z  greenish  to  colorless,  Y 
brownish  yellow,  X  clear  wine  yellow. 

Occur.  Komerupine  is  found  with 
cordierile  in  a  rock  composed  of  mica,  horn- 
blende and  sapphirine;  prismatine  occurs  in 
K<^niilite'  with  albite,  garnet,  and  tourmaline. 
Very  rare. 

DiAG.  Komerupine  differs  from 
sillimanite  in  having  negative  elongation  and 
weaker  birefringence,  from  andalusite  in  highr 
er  refringence  and  smaller  optic  angle,  and 
front  topaz  in  having  prismatic  cleavage,  high- 
er refringence  and  negative  elongation. 

KROEHNKITE. 


I     I   f* 


MONOOJNIC 


a:b:c' 


NajCu(SO,),4-2H,0 


;;  0.5229: 1104357 
^  =  56"  1/ 

Phys.  Chab.  Crystals  irregular  short  prisms  often  twinned, 
and  in  fibrous  aggregates,  or  crusts.  Twinning  common  on  001.  Cleav- 
age perfect  ||  010,  distinct  ||  on.  H.  =  2.5-3-  G.  =  2.ci6.  Fuses  easily 
after  decrepitation.    Soluble  in  water. 

Opt.  Prop.    The  optic  plane  is  parallel  to  010;  the  acute  bisec- 
trix X  makes  an  angle  of  -F48''-49°'  with  c.    XrA<^>XblAt-     The  re^ 
fringence  is  moderate,  and  the  birefringence  very  strong.    The  optic  angle 
is  large;  the  dispersion  is  inclined,  with  p<v,  weak. 
(— )  2(' =  78°  40' Na. 
fi,=  i.6oi3  n„=  1.577s  «p=  1-5437 
"g  —  «p  =  0.0576 
Color  deep  to  pale  blue  in  mass. 

OcctJK.  Found  with  atacamile.  brochantite  and  copiapite  in 
Chile.    Very  rare. 

KTYPEITE,  see  aragonite.  LABRADORITE,  see  feldspar  group, 
LANARKITE.  see  leadhillite. 

LANQBEINITE. 

ISOMETHIC  KjMgj(SO,), 

Phys.  Char.  Crystals  tetrahedral;  highly  modified.  H.  =  3.- 
4.     G.  ^3.81-2.86.    Tasteless.     Absorbs  water  rapidly  from  the  air. 

Opt.  Prop.  Isometric.  Index  n  =  1.5329.  Shows  no  circular 
polarization.    Colorless,  white.    Luster  greasy  to  vitreous. 

OccuK.  Found  in  salt  deposits  taking  the  place  of  polyhalite. 
Rare. 

LANGITE,  see  brochantite. 

>F«]Bche  and  Warren:  Amer.  Jour.   8e.   XXVI.    ISitS.  p.  312. 


272 


OPTICAL  MINERALOGY. 


LANTHANITE. 

Orthorhombic  a:b:c:: 0.953 •  i  •  0-902  La. (CO.) ,  +  9H,0 

Phys.  Char.  Crystals  thin  plates  ||  001;  also  granular,  earthy. 
Cleavage  micaceous  ||  001.  H.  =  2.5-3.  G.  =  2.61.  Infusible.  Effer- 
vesces in  acids. 

Opt.  Prop.  The  optic  plane  is  parallel  to  100;  the  negative 
acute  bisectrix  is  normal  to  001.  Optic  angle  large;  dispersion  small  p^ 
V.     (— )  2£=io8°i'Li. 

Color  grayish  white,  pink  or  yellowish.     Luster  pearly  or  dull. 

Occur.  Found  with  cerite  or  allanite;  also  with  zinc  ores  in 
limestone.     Rare. 


LAUMONTITE,  see  zeolite  group. 

LAURIONITE. 

Orthorhombic  a:b:c::  0.738 :  i :  0.835  Pb (OH) O 

Phys.    Char.     Crystals    minute,    prismatic,    flattened    ||    010. 

Cleavage  distinct  1 1   100.     H.  =  3.-3.5.     Easily  fusible.     Soluble  in  HNO^. 

Opt.   Prop.    The  optic  plane  is  parallel  to  010;   the  negative 

acute  bisectrix  is  normal  to  100.     Refringence  extremely  high.     Colorless. 

(— )  2F  =  8i«»32' 
Wg  =  2.1580    n^  =  2.1161     tip  =  2.0767 
«,5  —  Wp  =  0.0813 
Occur.     Found    with    phosgenite   and   cerussite   in   cavities   of 
very  old  lead  slags  acted  upon  by  sea  waters  in  Greece. 

LAVENITE. 

MoNocLixic       a:  b:  c::  1.0964:  1 :  0.715       Na(ZrO.F)  (Mn,Ca,Fe)  (SiO^) ^ 

^  =  69^42' 

Phys.  Char.  Crystals  prismatic  or  tabular  {{  100;  also  in  em- 
bedded grains.  Twinning  plane  100;  sometimes  as  twinning  lamellae. 
Cleavage  ||  100  good,  and  visible  in  thin  section.  H.  =  6.  G.  =  3.5.  Fu- 
sible to  a  black  scoria.     Difficultly  soluble  in  HCl. 

Opt.  Prop.  1'he  plane  of  the  optic  axes  is 
parallel  to  010:  the  negative  acute  bisectrix  makes  an 
angle  of  alx>ut  20°  with  the  vertical  axis  in  the  acute 
angle  p.  Relief  high  like  that  of  epidote.  Birefrin- 
gence stronger  than  that  of  olivine.  Optic  axial  angle 
large.     Disi)crsion  very   weak. 

(-)   2F  =  79°46' 


"m  =  I -750 


/OO 


«g  —  'tp  =  0.03 

Color  light  yellow  to  brown.  Pleochroism 
very  strong,  especially  in  dark  colored  varieties.  Ab- 
sor])tion  Z  >  Y  >  X. 

brown  crystals 
brownish  yellow  to  orange  red 
greenish  yellow 
clear  wine  yellow 


ycllcnv  crystals 
Z  =-  golden  yellow 
Y  =  colorless 
X  —  colorless 


Alter.     Alteration   rare,  but  may  change  to 


Pig.  187. 
Optical 
orientation 
of  l&venlte. 
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iluorilc,  zircon,  hematite,  or  limonite,  and  certain  unknown  minerals. 

Occur.  Rare.  Found  in  pegmatite  dikes  in  nepheline  syenite 
jind  related  rocks  in  Norway,  Brazil,  France.  U.  S.,  etc. 

D^tc.  Distinguished  from  epidotc,  which  sometimes  has  the 
same  col<w/ 1^  a  different  pleochrolc  formula  and  a  large  extinction  angle 
{30°)  in/the  zone  of  elongation;  distinguished  from  wohlerite  and  rinkitc 
by  its/Strong  birefringence,  and  strong  t>1s<^hroism. 


OrrKORHOUDic  a:  b:c:;  0.665: 1:0.738  H^CaAI^SijO,, 

Phys.  Char.  Crystals  large,  prismatic  or  tabular  [|  001. 
Twinning  on  no.  Cleavage  perfect  ||  oio  and  ooi,  indistinct  ||  no.  Pris- 
matic cleavage  often  prominent  in  thin  section.  H.  =  8.  G.  =  3.o8-3X)9. 
Easily   fusible   to  colorless   Webby   glass.     Insoluble,  but   gelatinizes   after 


1,6650 


Opt.  Prop.  The  plane  of  the  optic 
positive  acute  bisectrix  is  normal  to  001. 
Optic  angle  large..  Refringence  high ;  bire- 
fringence rather  strong. 

(-(-)  sF  =  84°  6' Na. 

«,  =  1.6840    «„=  1.6690    «p 

tig  —  Up  =  0.019-0.021 

Color  pale  blue  to  grayish  blue 
also  colorless  to  greenish :  colors  often  It 
bands  parallel  to  the  prism  face.  Colorless 
in  thin  section.  Pleochrolc  in  thick  sections 
with  absorplipn  X>Y>Z,  and  X  blue.  \ 
yellowish  or  colorless,  Z  colorless. 

Occur.  Lawsonite  is  produced  by 
regional  metamorphism  in  gabbros  and  ba- 
salts, and  is  therefore  also  found  in  derived 
schistose  types,  glaticophane  or  sodic  schists, 
with  albite.  epidote,  muscovite. 

DiAc,  Lawsonite  differs  from  oli- 
vine in  having  better  cleavages  and  weaker 
birefringence ;  it  has  stronger  birefringence  than 


iS  parallel  to  010 
l_AWSONrTE 


the 


LAZULITE. 


MOKM 


a:b:  c::0.g749:  >:  I.6483 
^  -  89'  14' 
Phys.   Ch.\h.     Crystals  usually  acul 
massive.      Twinning   with   r   as   the    twinning 
cleavage.     H.  =  5.-6.     G.  =  3.0-3,12.     Infusible,  bi 
when  heated.     Insoluble. 

Opt.  Prop.    The  plane  of  the  optic  axi 
negative  acute  bisectrix  makes  an  angle  of  g°- 1 


(Mg,Fe)(A10H),(P0  ) 


pyramidal  in   habit.   Also 

xis.     Indistinct  prismatic 

whitens  and  crumbles 
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angle  p.    The  angle  of  the  optic  axes  is 
large     and     the     birefringence     strong. 
Dispersion    p<v    distinct,    with    slight 
inclined  dispersion. 
(— )    2£  =  132**- 136*     (2F  =  69°±) 
iig  =  1.639    w„  =  1.632    lip  =  1.603 
Wg  —  Wp  =  0.036 
Color     azure     blue.       Luster 
vitreous.      In    thin    section    pleochroism 
distinct  with  Z  =  Y  >  X,  and  Z  azure 
blue,  Y  azure  blue,  X  colorless.  ^ 

Occur.  Found  in  veins  in 
quartzite  and  other  metamorphic  rocks. 
Rare. 

DiAG.  Distinguished  from 
corundum  by  its  biaxial  character  and 
strong  birefringence;  from  blue  cor- 
dierite,  sapphirine  and  dumortierite  by 
its  strong  birefringence,  from  blue  cya- 
nite  and  blue  amphibole  by  the  absence  , 
of  cleavage. 

LAZURITE,  see  sodalite  group. 
LEADHILLITE. 

MONOCLINIC 


Fig.  139.    Optical  orientation 
of  laxullte. 


(PbOH)^Pb,(CO,),SO^ 


a:b:c::  1.747: 1:2.215 

i8  =  89*'48' 
Phys.  Char.     Crystals  commonly  tabular  ||  001,. hexagonal  io 

aspect.  Twinning  on  no  as  in  aragonite;  also  on  310  in  lamellae.  Qeav- 
age  very  perfect  ||  001,  in  traces  ||  100.  H.  =  2.5.  G.  =  6.26-6.44.  Fu- 
sible with  intumescence  at  1.5.  Effervesces  in  HNO^  leaving  PbSO^ 
undissolved. 

Opt.  Prop.  The  optic  plane  is  parallel  to  010;  the  acute  bisec- 
trix X  is  sensibly  normal  to  001.  Optic  angle  small;  dispersion  large  p< 
V.  The  axial  angle  decreases  with  increase  in  temperature,  and  the  min- 
eral finally  becomes  uniaxial,  negative,  at  I25'*C.  or  more.  At  ordinary 
temperatures  2E  =  20°-  23°  Li.     n^  —  ftp  =  0.070. 

Color  white,  yellowish,  green,  gray.  Streak  colorless.  Color- 
less in  section. 

Occur     Found  in  veins  with  lead  and  silver  ores.    Rare. 

Lanarkite  (Pb^SO^)  is  also  raonoclinic  with  a:  6:  r:  :o.868:  i : 
1.384  and  ^  =  88°  iT.  Crystals  elongated  ||  b,  tabular  ||  100.  Qeavage 
perfect  ||  001.  Laminx  flexible.  H.  =  2.-2.5.  G.  =  6.3-6.8.  Partly  sol- 
uble in  HNO.^.  Optic  plane  parallel  to  010.  Negative.  Birefringence 
strong.  2// =  65°  3' Li;  2f/  =  63°  55' Tl.  Found  with  caledonite.  Very 
rare. 


LEPIDOLITE,  see  mica  group. 


LEUCITE. 

TSEUDO- ISOMETRIC  KAlSijO, 

Phys,  Char.  Usually  in  crystals  very  near  the  trape- 
zohedron  or  tetragonal  trisoctahedron 
in  shape ;  lOO  and  i  lO  often  present 
as  modifying  forms.  Fine  striations 
due  to  twinning  common.  Also  gran- 
ular, or  massive.  Qeavage  ||  no  in- 
distinct. H.  =  5.5-6.  G.  =  2.45-2.50. 
Infusible,  Decomposed  without  gela- 
tin izat  ion  by  HCl. 

Opt.  Prop.  Microscopically 
leucite  is  found  to  present  very  weak, 
but  often  distinct,  birefringence. 
Much  study  of  the  subject  has  lead  to  the  conclusion  that  all  leu- 
cite crystallizes  in  the  isometric  system,  but  that  it  cannot  remain 
isometric  below  56o°C. ;  therefore  at  ordinary  temperatures  it  is 


Pig.    140. 

Simple   crystal   I' 
leucite. 


Fig.  141.  Section  of  leucite  flhowlng  Fig.  142,  Section  of  leucite  cryatals 
very  weak  bIrefrlnBence  and  compU-  showlns;  cryetal  form  and  regular  In- 
cited twlnnlns.  in  leuclttte  from  near  clusloniB.  In  leucltlte  from  near  Mt 
Ht.  Clmlno.  near  Vlterbo.  Italy,  H,  CImino.  near  Viterbo,  Italy.  H.  6T8. 
878.    -1-   nlcols.    X   10,  Oni>  nicol,   X   50, 

only  pseu do- isometric,  and  probably  orthorhombic,  the  isometric 
form  being  composed  of  three  interpenetrating  orthorhombic  crys- 
tals twinned  on  no.  The  orthorhombic  crystals  have  a  very  small 
optic  axial  angle  about  the  positive  bisectrix.  The  refringence 
is  low. 

(-|-)  2F  =  very  small 

(I,  — .  1.509     Hj,  =  1.508 
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Colorless,  white  or  gray-     Colorless  in  ihin  section. 

Incl.  Leodte  often  contains  jbcIiimopi  (glutjr,  or  of 
augite,  OT  of  magnetite,  etc)  wbidi  are  taotiBj  ngailuij  ar- 
ranged paralld  to  the  faces  of  tbe  enclosing  crjital;  aometinies 
fadialfy  arranged. 

Altol  Leudte  alters  readily.  In  Tertiary  and  recent 
Fodn  the  alteration  product  is  commonly  ^f«f|l*-tt*  (or  duristian- 
ite) ;  in  Paleozoic  rocks  tbe  alteiatioa  pioduct  is  commonly  tlie 
scHCalkd  psendo-lencite,  whidi  is  a  mixtnre  of  alUte  and  serjcite, 
ortihodase  and  serictte,  en-  orthodase  and  nqpheHne. 

P<dlDeite  i>'  a  verr  rare  ailicate  [H,C«^A]^(SiO,},]  rdated 
to  leucite.  GndiiioiiIjp  in  cdx*,  modified,  or  ■)■»*«.  Colorlni.  H.^ 
&£.    G.  =  2^    Isotropic    N  =  I3M7  Na. 

Dug.  The  low  refrii^;enoe,  crystal  form  uid  twinning, 
and  very  weak  trirefiingence,  distii^ioish  lencite  fran  dU  minerab 
except  anakite ;  it  may  be  distingntsbed  fmn  analdte  (and  soda- 
tite)  hf  its'  h^faer  refriugence  and  by  microchemical  tests  for 
potassium;  if  heated  to  redness  anakite  loses  water  and  becomes 
opaque,  while  lencite  remains  unaltered. 

LSnCOPHAMX. 

OaTHoaBOimc  a:b:c::ft9K9: 1:0.6722  Na(BeF)Ca(SiO,). 

Pbys.  Cbak.  CiTStab  commonly  tabular  ||  ooi.  Twinning, 
frequent  with  no  or  001  as  twinning  plane;  interpenetration  twins  fre- 
quent. Massive  in  colunmar  or  laminated 
forms.  Crystals  are  pseudotetragonal  and  r 
semble  meliphanite  closely  in  axial  ratio. 
Oeavage  perfect  ||  001,  distinct  ||  100  and 
010,  imperfect  (parting)  [|  o3iandaoi.  H.=: 
4.  G.  =  2.96.  Fuses  at  3  with  intumescence  to 
clear  glass.     Insoluble  in  acids. 

Opt.  Prop.  The  plane  of  the  optic 
axes  is  parallel  to  too;  the  negative  acute  bi- 
sectrix is  nonnal  to  001.  Relief  marked.  Dis- 
persion p  >  r. 

(-)  2E  =  74'  <af  =  3g°) 

",  =  1.5979  tv=  1-5948  Up  =  1.5709 

",  —  ",  =  0027 

Color  white  to  green  or  yellow;  in 
thin  section  colorless. 

Occur.  Found  in  pegmatite  veins 
in   syenite  in   Norway.     Rare.  Figure  I4S. 

DiAG.     The    optic     properties    with  leuct^iluuie- 

several   cleavages   are    quite   characteristic.      Chemically   distinguished    by 
giving  reactions  of  Be  and  F. 


LeUCOPHANE. 


oto 


LEUCOSPHENITE—LIMONITE. 
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LEUCOSPHENITE. 


MONOCLINIC 


BaNa/TiO,)(Si,0,),? 


a:b:c:: 0.581 :  i :  0.850 

)3  =  86*>37' 
Phys.  Char.    Crystals  elongated  1 1  c  or  flattened  1 1  001 ;  often 

twinned  on  001.     Cleavage  distinct   ||  010.     H.  =  6.5.     G.  =  3.05.     Diffi- 
cultly fusible  with  decrepitation.     Decomposed  by  HF. 

Opt.  Prop.  The  optic  plane  is  nearly  parallel  to  001 ;  the  acute 
bisectrix  X  is  nearly  parallel  to  a;  YAc  =  -t-3°.  Dispersion  f>>«r 
strong.    Color  white. 

(-)   2F  =  77°4' 

Hg  =  1.687     »m  =  1.6609     »p  =  1.6445 
«g  —  »p  =  0.0433 

Occur.    Found  in  southern  Greenland.    Very  rare. 
LIBETHENITE,  see  olivenite. 
LIMONITE. 

Orthorhombic  Axial  ratio  unknown.  Fe^(0H)e03 

Phys.  Char.  ,  Crystals  unknown ;  commonly  in  botry- 
oidal,  mammillary  or  stalactitic  forms  with  fibrous  texture;  also 
concretionary,  massive,  earthy.  Fibers  elongated  ||  c,  and  radi- 
ally arranged,  in  stalactites.  Cleavage  1 1  100.  H.  =  5.-5.5.  G  .= 
3.6-4.    Yields  HaO  in  closed  tube.     Soluble  in  HQ. 

Opt.  Prop.    The  plane  of  the  optic  axes  is  parallel  to 
the  cleavage  100;  the  negative  acute  bisectrix  is  normal  to  010. 
Refringence    very    high;    birefringence 
very  strong.    Optic  angle  large;  disper- 
sion p>v  strong,  but  not  abnormal  as  in 
goethite. 

( — )  2V  =  large. 

n  =  2.5dz 
fig  —  np  =  0.048 

Color  yellow,  brown,  brownish 
black;  often  iridescent  on  the  exterior. 
Streak  yellowish  brown.  Luster  silky 
and  submetallic  to  earthy.  Translucent 
only  in  thin  section  with  distinct  pleo- 
chroisni,  the  absorption  being  Y>Z>X, 
and  the  colors  Z  orange  yellow,  Y  brown- 
ish yellow,  X  clear  yellow. 

Incl.  Inclusions  of  quartz, 
kaolinite,  manganite,  etc.,  are  abundant, 
and  explain  at  least  in  part  the  variations 
in  analyses. 


LIMONITE 


OOf 


ZA 


0/0 


_ 


Figure  144. 

Optical    orientation    of 

limonite. 
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Alter.  By  dehydration  limonite  passes  to  hematite. 
Turgile  (2re,0,'  H^O)  is  perhaps  merely  an  incomplete  stage  in 
this  process.  Limonite  is  a  common  result  of  oxidation  and  hy- 
dration of  fcmi^nous  minerals. 

Occi'R,  Limonite  is  extremely  common  as  an  altera- 
tion product  of  ferriferous  minerals.  It  is  found  in  all  kinds  of 
igneous  and  mctaniorphic  rocks;  it  is  formed  in  the  upper  part 
of  nearly  all  veins,  and  is  deposited  by  some  hot  springs  occa- 
sionally in  sufBciciiI  abundance  to  serve  as  an  ore  deposit.  In 
sedimentary  rocks  limonite  is  also  abundant,  sometimes  serving  as 
an  ore.  It  also  fonns  in  swamps  as  a  bog  iron  ore.  Native  iron 
changes  rapidly  to  limonite  when  exposed  in  most  climates.  Li- 
ini>iiite  is  cvimnwn  in  siibmicroscopic  particles,  staining  otlier  min- 
erals. 

Dlvc  Linwoitc  differs  from  goethite  optically  in  its 
lar^  optic  angle,  and  in  the  absence  of  abnormal  dispersion,  and 
from  Icpidocrocite  in  its  pleochroic  formula,  and  in  having  the 
niaxitiiuni  absorption  normal  to  the  elongation.  ^^| 

UNARITE.  ^H 

UoXOCUNK  •:»:<:::t.?i6:i:a8ao  (Pfc,C«)(OH),{Pb,Cu)SO^ 

Pays.  Cmal  Crjrstals  cl<inKit«<l  ||  b.  often  tabular  \\  ooi. 
C>c3*>iKC  vci>  prffccc   11   ioo,   impctfcct   j|  m>i.    H.  =  *.S.     G.  =  S -3-5-45- 

Fuses  easilj  to  a  globule  reducible  to  metal.     Partly  soluble  in  HNO^. 

Opt.  Prop.   .The  opiic  plane  and  oblnse  bisecirix  Z  are  normal 
to  oio;   X  niake5  an  angle  of  — 24°   with  001.  therefore  it   is  nearly  nor- 
mal to  loi.     Opiic  angle  large;  dispersion  p<r  marked. 
(-)  2^  =  79*59' 
",=  1-8593    n^=iS}»>    n^=iSogz 
»g  —  "p  =  0.05a 
Color  deep  aiure  blue.     Streak  pale  Wne.     Luster  vitreous  or 
adamantine. 

.\lter.     Sometimes  alters   to  cerussite. 
Occt'k.     Found  in  veins  in  lead  mines.     Rare. 

UROCONITE. 

Mono.  0:6:^::  1.319:  i:  1.681  Cu,.\!/OH),.(AsO,), -FaoH^O 

j8  =  88°33' 

Pmvs.  Ch.u.  Crystals  thin,  rhombic  octahedral  in  aspect; 
rarely,  granular.  Cleavage  indistinct  t|  iio  and  on.  H.=2.-2.s.  G.  = 
2.88- 2.9a     Fusible:   defiagrales  on  charcoal.     Soluble  in  HNO,. 

Opt.  Prop.    The  optic  plane  and  acute  bisectrix  X  arc  normal     ^ 
to  010:  Z  makes  an  angle  of  —  25°  with  c.    Optic  angle  large;  dispersion  ^-^ 
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(— )  2£  =  laa**  5/ Na. 

Color  and  streak  sky  blue  to  verdigris  green.  Luster  vitreous 
inclining  to  resinous. 

Occur.  Found  in  veins  with  copper  ores,  pyrite,  quartz,  etc 
Rare. 

LITHIOPHILITE,  see  triphylite. 

LORENZENITE. 

Orthorhombic  a :  6 :  c  : :  0.604 :  i :  0.359  Na^  ( Si,Ti,Zr)  ^0^^ 

Phys.  Char.  Crystals  prismatic,  elongated  ||  r.  Cleavage  dis- 
tinct II  120.  H.  =  6.  G.  =  342.  Easily  fusible.  Insoluble  except  in  HF. 
Opt.  Prop.  The  optic  plane  is  parallel  to  100;  the  acute  bisec- 
trix Z  is  normal  to  010.  Color  brownish.  Luster  adamantine.  In  sec- 
tion colorless  to  pale  brown  or  violet  brown  with  absorption  Y  >  Z  >  X. 
(  +  )  2£  =  72^  »jj=  1.7876,  «„=?  «p=i.743i;  «,  — tip  =  0.0445. 
Occur.    Found  in  southern  Greenland.    Very  rare. 

LOEWEITE. 

Tetragonal  c  =  ?  NajMgCSO^)^  +  25^Hj^O 

Phys.  Char.  Massive,  cleavable.  Cleavage  distinct  ||  no, 
in  traces  ||  iii.    H.  =  2.5-3.    G.  =  2.37.    Soluble  in  H^O. 

Opt.  Prop.  Uniaxial  and  positive.  Refringence  low;  Wg  = 
iu»94,  ifp  =  1.491;  tig  — ftp  =  0.003. 

Color  nearly  white  to  yellow,  reddish.    Luster  vitreous. 

Occur.    Found  in  salt  mines.    Very  rare. 

Bldditc  [Na2Mg(S0^)j-t-4H20]  is  monoclinic  with  a:h:c:: 
1.349:1:0.670,  and  ^  =  79°  22'.  Crystals  short  prismatic.  Also  massive 
granular  or  fibrous.  Cleavage  unknown.  H.  =  2.5.  G.  =  2.22-2.28.  Fu- 
sible. Soluble  in  H^O.  Somewhat  deliquescent.  Optic  plane  parallel  to 
010;  acute  bisectrix  Z  makes  an  angle  of  — 45°  with  c.  Inclined  disper- 
sion, with  f><v  marked.  2^  =  70**  5' Li;  »^  =  1.500.  Colorless  to  blu- 
ish green,  reddish  yellow,  brick  red.  Luster  vitreous.  Found  in  salt 
mines.    Rare. 

LUDLAMITE. 

AfoNOCLiNic         0 :  6 :  c : :  2.252 :  i :  1.982  YtiOR) ^^^{VO ^ ^  +  8H2O 

P  =  79**  27' 
Phys.  Char.    Crystals  tabular  ||  001.    Cleavage  perfect  ||  001, 
•distinct  ||  100.     H.  =  3.-4.     G.  =  3.12.     In  closed  tube  decrepitates  and 
ivcs  off  water.     Soluble  in  HCl. 

Opt.  Prop.  The  optic  plane  is  parallel  to  010;  the  acute  bisec- 
*ix  Z  makes  an  angle  of  — 67°  with  c.  Inclined  dispersion  very  slight 
•^ith  f>  >  t/  weak.    2V  =  82**  22'. 

Color  bright  green;  streak  pale  greenish.    Luster  vitreous,  bril- 

OccuK     Found  with  siderite,  vivianite,  pyrite.     Very  rare. 


MAGNESrOFERRITE,    sse    spinel  group.     MAGNESITE. 
:  group      MAGNETITE,  sec  spinel  group. 

.  MALACHITE. 


I 


MoXOCLINlC 


a.b:  c:: o.S 


(CuOH),CO, 


1 : 0.401 
fi  =  6i°  so 

Phys.  Char.  Crjstals  usually  acicular  prisms  grouped 
in  tufts;  distinct  forms  rare;  commonly  massive,  botryoidal,  stal- 
actitic  with  fibrous  textures;  also  granular,  earthy.  Twinning 
on  100  common.  Cleavage  perfect  ||  001.  imperfect  |!  010. 
H.  =  3-5-4-  G,  =  3.9-4~  Fusible  at  2  with  green  flame  color. 
Soluble  with  effervescence. 

Opt.  Prop.  The  plane  of  the  optic  axes  is  parallel  to 
010;  the  acute  bisectrix  X  makes  an  angle  of  231^"  with  c,  or 
85'  with  the  cleavage  001.  Refringence 
high.  Birefringence  extremely  strong. 
Optic  angle  large. 

(—)  2V=  43°  54*  Na  (2£— 89°  18'  Na) 
«„  -  1.88  Na 
«,  —  «[.  =  0.200 

Color  bright  green.  Streak  pal- 
er green.  Luster  adamantine,  silkj-.  or 
earthy. 

Occt'B.  Common  with  copper 
ores  as  a  product  of  surface  weathering. 
Found  both  tn  veins  and  disseminated. 
Especially  abimdant  where  copper  veins 
penetrate  limestone,  or  have  a  calcite 
gangue. 

DiAti,  Differs  from  atacamit« 
in  having  inclined  extinction  in  the  ver- 
tical zone,  and  in  extremely  strong  bire- 
fringence. 


HANGANITE, 
HARCASITE. 

Okthorhombic 


!  di  a  spore  group. 


o:6:f  ;:o.766:  i:  1.234  FeS. 

Crystals  tabular  l|  ooi.  or  pyramidal.  More 
'arious  shapes  with  radiating  or  fibrous  texture, 
repeated :  twinning  on  101  less  common. 
Cleavage  distinct  H  110.  in  traces  ||  oil.  H.  =  6..6.s-  G.  =  4'85-4-<».  On 
charcoal  burns  with  sulphurous  odor.     Decomposed  by  HNO,. 
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Opt.  Prop.  Opaque.  Color  pale  bronze  yellow.  Streak  gray- 
ish or  brownish  black.    Luster  metallic.     Polishes  with  difficulty. 

Alter.  Alters  by  oxidation  much  more  rapidly  than  pyritc, 
and  gives  rise  to  melanterite,  or.  less  commonly,  copiapite.  At  the  same 
time  free  sulphuric  acid  is  produced,  which  is  an  active  agent  in  some  of 
the  processes  of  secondary  enrichment  of  ore  deposits.  At  other  times 
morcasite  alters  to  limonite,  or  gothite,  or  hematite,  sometimes  with  the 
production  of  free  sulphur. 

Occur.  Found  abundantly  in  clay  in  coal  formations;  in  metal- 
liferous veins  in  all  kinds  of  rocks  with  copper,  lead,  zinc,  etc.;  in  veins 
and  disseminations  in  limestones;  also  in  some  igneous  and  metamorphic 
rocks,  and  in  pegmatite  veins. 

Arsetiopyrite  or  mispickel  (FeAsS)  is  also  orthorhombic  with 
a  :  6:  r:: 0.677: 1 :  1. 188.  Crystals  prismatic  or  modified.  Also  in  colum- 
nar or  radiated  groups;  massive  granular.  Twinning  like  marcasite. 
Cleavage  distinct  ||  no.  H.  —  5.5-6.  G.  =  5.^-6.2.  Strikes  fire  with  steel 
giving  an  alliaceous  odor.  Decomposed  by  HNO^^.  Opaque.  Color  silver 
white,  somewhat  grayish.  Streak  dark  grayish  black.  Luster  metallic. 
Found  especially  in  veins,  commonly  associated  with  ores  of  silver,  lead, 
tin,  gold;  also  found  in  crystalline  rocks,  ajid  in  serpentine. 


MARGARITE 


MARGARITE. 

MoNOCLiNic  Axial  ratio  near  that  of  biotite.  H^CaAl^SijO^, 

Phys.  Char.  Crystals  rare;  in  thin  six-sided  plates;  com- 
monly in  thin  lamellar  aggregates,  or  scaly  masses.  Twinning  on  the 
mica  law  common.  Cleavage  micaceous  1 1  001 ;  the  laminae  are  brittle 
and  inelastic.  Gives  a  percussion  figure  like  that  of  mica.  H.  =  3.5-4.5. 
G.  :=  2.99-3.08.  Fuses  on  the  edges  after  turning  white.  Imperfectly  de- 
composed by  hot  HjSO^. 

Opt.  Prop.  The  plane  of  the  optic  axes  is  normal  to  010;  the 
negative  acute  bisectrix  makes  an  angle 
of  about  6°  with  a  normal  to  001 ;  this 
angle  is  somewhat  variable.  The  angle  of 
the  optic  axes  is  quite  variable;  axial  dis- 
persion f>  <  V. 

(— )    2£  =  8o*»- 125** 

«„=  1.64- 1.65 
«g  —  np  =  0.009  ± 

Color    gfrayish,     reddish,     white,  J 
pink,  yellowish ;  colorless  in  thin  section. 

Alter.  Margarite  alters  to  a 
brownish  yellow  h>'drous  micaceous  min- 
eral known  as  dudleyite. 

Occur.  Margarite  is  found  in 
metamorphosed  and  altered  rocks  associ- 
ated with  corundiMB,  from  which  it  is  often 
derived.  Also  found  in  mica  schist  with 
tourmaline  and  staurolite. 


<^  Z  e.' 100  TO  izo'c^ 


0/0 


Flgrure   146. 

Optical    orientation    of 

margrarlte. 


DiAa     Margarite  differs  from  the  micas  in  its  much  weaker 


On.  Pwor.    Itotropir.     Rc&iogencc  extrmcfr  In^  m  = 

I  greater  ttian  that  of  the  diamood.    Odor  wine 

L    Sbwak  oiatigc  yellov.    Lastef 

Occcs.    Foond  whh  ccnissiie  or  ?wb'*«''t.     Very  rare. 

Hinaite    (Ag^l,)  is  like  matAilc.  m  nnBiite  edbes  of  pale  to 

bri^  reUoir  color.     Cleavage  ||   iia    Tain*  oa  Iti.     iMtropic     Found 

wilfa  dlglcodle,  el;.     Very  care. 


HEIONITE.  ^cc  ic 
HELANTERTTE. 


I  polite  group. 


I 


a:ft:r::  1081:1: 1-543  FeSO,  +  7lT,0 

p  =  7S'44«' 

PHT&  Cbai.    Xatunl  dictiBtt  orstab  naknowa.     Commonlr 

fiblVBS.   capillar?,    staUctitic;   massrve,   pahremlent      Qeavage    perfect    || 

eoi.  [iDperlnt   ||   iio.     H.  =  a.     G.  =  lAff-i-go.     SoluUe  in  H_0 ;   taste 

anriRgent. 

OfT.  Prop.  The  ofitk  pbae  t*  puaUci  to  CMO;  Ifae  acnte  biaee- 
trix  Z  tnakea  an  angle  of  —61"  with  c.  Refringence  low.  Inclined  dis- 
persion weak  with  p^v. 

(+)  3F  =  86°I3' 

Color  green  to  white,  becomes  yellow  by  alteration  to  copia- 
pite.     Luster  vitreous.     Streak  colorless. 

OccuK.  Produced  by  atmospheric  alteration  of  inarcasite  and 
pyrite.    Rare. 

Ksaoite  [(Fe,Cu)S0^  +  7H,0]  is  monodinic  with  a.b:e:: 
1.161:1:1.511,  and  ^  =  74°  38'-  Usually  in  stalactites  and  concretions. 
Cleavage  easy  [[  001.  Soluble  in  H^O.  Optic  plane  parallel  to  010;  acute 
bisectrix  Z  nearly  parallel  to  a;  X  nearly  perpendicular  to  the  perfect 
cleavage  001.  2^,^=85°  52' Na.  Color  bright  blue.  Luster  vitreous. 
Found  in  copper  mines.    Very  rare. 


Boothite  (Cu50,4-7HjO)  is  monoclinic  with  a:b 


1. 163: 


I  :  1.50Q  and  ^  =  74"  24'.  Usually  Bbrous.  Geavage  perfect  | 
2.5.  G.  =  2.1.  Soluble  in  H^O.  Unstable  under  ordinary  conditions.  Op- 
tic plane  parallel  to  010;  acute  bisectrix  Z  nearly  parallel  to  a;  X  near^ 
perpendicular  to  perfect  cleavage  001.  Color  blue.  Found  in  copper  mines. 
Very  rare. 
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Melilite  Group. 

The  minerals  of  this  group  are  silicates  crystallizing  in 
the  tetragonal  system.  They  are  all  more  abundant  in  furnace 
slags  than  in  nature,  and  the  last  named  is  unknown  except  in 
slags. 

Gehlenite  r  =  0.4000  CajAl^Si^O^^  or  Ca^AlAlSi^O^^ 

Melilite  c  =  0.4548  mC^^A\\\S\p^^  +  wCagCaSiSijO^^ 

Akermanite  c  =  0.45  zh  Ca^SigO^^  or  CagCaSiSi^Oj^ 

The  composition  is  given  above  in  the  second  way  to 
show  the  relation  between  the  formula  of  gehlenite  and  that  of 
akermanite.  Vogt  considers  them  isomorphous  and  considers  that 
the  groups  CaSi  and  AlAl  may  replace  each  other  in  any  propor- 
tions. Furthermore,  since  gehlenite  is  negative  and  Skermanite 
is  positive,  their  combination  in  a  certain  proportion  should  lead 
to  an  isotropic  mineral.  This  proportion  according  to  Vogt  is 
four  parts  of  gehlenite  to  six  parts  of  Skermanite. 

It  should  be  remarked  that  the  formulas  gfiven  above  are  sim- 
plified as  much  as  possible.  The  bivalent  base  is  often  partly  replaced  by 
Mg.  Na,,  Mn,  Fe  or  K^,  while  the  trivalent  base  is  often  partly  replaced 
by  Fe.   * 

GEHLENITE. 

Tetragonal  c  =  0.40006  ^3-^^2^*2^io 

Phys.  Char.  Crystals  usually  short  square  prisms;  basal 
cleavage  imperfect,  and  cleavage  in  traces  parallel  to  the  prism.  H.  = 
5.5-6.     G.  =  2.9-3.     Fuses  with  difficulty.     Gelatinizes  with  HCl. 

Opt.  Prop.  Uniaxial  and  negative.  Usually  rectangular  in 
secticMis. 

«^=  1.663    »tp=  1.658 
fig  —  '•p  =  oxx)5-o.oo6 

Color  grayish  green  to  liver  brown;  colorless  in  thin  section. 

Alter.    Alters  to  steatite,  to  augite,  to  grossularitc. 

Occur.  Rare  in  nature.  Found  at  Mt.  Monzoni  as  a  contact 
mineral  in  limestone. 

DiAG.  Resembles  vesuvianite  and  zoisite,  but  zoisite  is  biaxial 
and  positive,  while  vesuvianite  has  higher  refringence  and  weaker  bire- 
fringence. 

MELILITE. 

Tetragonal  c  =  0.4548  mCdi^h\^S\^0^^  -f  wCa^Si^O^^j 

Phys.  Char.  Usually  in  short  square  or  octagonal  prisms; 
sometimes  lamellar  parallel  to  the  base.  Cleavage  perfect  parallel  to  the 
base,  very  difficult  parallel  to  a  prism.  Cruciform  twins  rare  in  which  the 
vertical  axes  are  at  right  angles.  H.  =  5.-5.5.  G.  =  2.9-3.1.  Fuses  at  3. 
Gelatinizes  with  HG. 

Opt.  Prop.    Native  melilite  is  uniaxial  and  negative.    It  usually 


OPTICAL  MINERALOGY. 

approximatts  the  composition  of  four  parts  of  gchlenitc  and  three  iiart« 
of  Skcrmanitc.  According  to  Vogt,  as  the  proportion  of  ikermanite  in- 
creases the  birefringence  decreases  until  it  disappears,  and  tlie  mineral 
h  then  isotn^pic-  Further  increase  leads  lo  the  reappearance  of  the  biie- 
fringencc  in  a  positive  uniaxial  mineral.  Such  wide  variations  of  compo- 
sition are  found  only  in  slags. 

"j  —  "b  ~  0-*'*>5    (average) 

Color  white,  yellow,  brown ;  colorless  to  yellow  in  thin  section. 

iNO-  Native  melilite  often  contains  cuneiform  inclusions  ar- 
ranged normal  to  the  base,  which  are  perhaps  alteration  products.  Arti- 
ficial melilite  often   ?hows  vitrcoits  or  crystalline  inclusions   regularly   ar- 

OcciiL  Found  rarely  in  basic  nepheline  and  leucite  rocks  as 
an  accessory  constituent ;  also  rarely  as  an  essential  constituent  of  melilite 
basalts.    Also  in  furnace  slags. 

Akermanite  is  similar  to  melilite  in  crystal  form  and  physical 
characters ;  it  is  known  only  as  a  product  of  crystallisation  from  furnace 
slags  in  which  it  occurs  in  thin  tabtilar  crystals  with  cleavage  parallel  to 
no  and  perhaps  also  to  ooi.  Akermanite  is  positive  with  weak  birefrin- 
gence. 

DtAc     Tlie  high  refringcnce  with  very  weak  Iwrefringeiicc  and 
lack  of  color  are  distinguishing  characters.     When  the  cuneiform 
sions  are  present  they  are  quite  characteristic. 


HELIPHANITE. 


TETBAcorJAL  1^  =  0658  NaCa,Be,FSi,0„ 

Phys.  Char.  Crystals  often  obtu.se  pyramids;  also  in  plates 
or  lamellar  masses.  Cleavage  [|  001  distinct.  H.  ^=5.-5.5.  G.  =  3.00-3.02. 
Fuses  with  intumescence  to  a  white  enamel.    Insoluble  in  acids. 

Opt.  Pkop.  Uniaxial  and  negative.  Colorless  in  thin  section. 
Relief  marked.  Birefringence  strong.  The  interference  figure  is  some- 
times normal,  sometimes  distorted,  and  the  cross  opens  a  variable  amotint, 
reaching  at  times  3£=:36°.  A  single  plate  may  show  normal  and  abnor- 
mal interference  figures  in  different  parts. 

n,=  I.6i26    tfp=  1.5934 
n,  —  »ip  =  O.0i92 

Color  yellow,  orange;  rarely  reddish,  usually  due  to  aheratioiL 
Pleochroism  visible  only  in  thick  plates,  with  absorption  Z  >  X,  and  Z 
honey  to  brownish  yellow.  X  greenish  yellow. 

Occur.  Found  in  pegmatite  .veins  in  alkaline  syenites  of  south- 
ern Norway,     Rare. 

DiAG.  Distinguished  from  hiortdahlite,  wohlerite  and  livenile 
by  uniaxial  (or,  abnormally,  biaxial  with  small  optic  angle)  character 
and  insolubility  in  acids ;  distinguished  from  leucophane  l^  'he  lack  of 
color  and  poor  cleavage. 
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MELLITE. 


Tetragonal  c  =  0.746  -^^2^12^12  +  ^^^2^ 

Phys.  Char.    Crystals  pyramidal ;  massive  granular.    Cleavage 

in  traces  [|   iii.     H.  =  2.-2.5.     G.  =  1.55-1.65.     Soluble  in  HNO^. 

Opt.   Prop.    Negative ;  uniaxial ;  sometimes  abnormally  biaxial 

with  2jE  =  8**  22' Li.     Birefringence  strong,     tig  =1.539;  ttp  =1.511;  n^  — 

np  =  0.028.     Color  honey  yellow;  also  brownish,  reddish,  white.     Streak 

white.     Luster  resinous. 

Occur.    Found  in  brown  coal.     Rare. 

MESOLITE,  see  zeolite  group. 

Mica  Group. 

The  mica  group  includes  several  minerals  which  are 
monoclinic  and  pseudohexagonal  (or  pseudorhombohedral)  ;  they 
are  further  characterized  by  a  perfect  basal  cleavage  giving  thin 
elastic  laminae;  optically  they  are  characterized  by  weak  bire- 
fringence in  sections  perpendicular  to  the  perfect  cleavage. 

Phys.  Char.  Crystals  of  all  the  micas  are  commonly 
thin  plates  of  hexagonal  outline,  with  the  planes  001,  no,  iTo, 
and  010.  In  all  of  them  the  angle  001  a  100  is  very  near  90°  and 
the  angles  i  lOAifo  and  no  A  010  are  very  near  60**.  A  blow  with 
a  dull  point  on  a  cleavage  plate  of  any  mica  develops  a  six-rayed 
percussion  figure,  one  line  being  more  distinct  than  the  other 
two.  (See  figure  147).  This  line  is  parallel  to  010,  while  the 
other  two  are  parallel  to  no  and  ilo.  This  figure  makes  it 
possible  to  determine  the  position  of  010  in  any  cleavage  piece 
of  mica,  even  though  no  crystal  faces  are  present.  Pressure,  in- 
stead of  a  blow,  on  a  cleavage  plate  of  mica,  produces  a  six- 
rayed  pressure  figure  whose  lines  are  perpendicular  to  those  of 
the  percussion  figure.    H.  ~  2.5-4.     G.  =  2.75-3.2. 

Twinning  is  common  in  all  the  micas.  The  twinning 
plane  in  the  "mica  law"  is  a  plane  normal  to  001  and  practically 
parallel  to  no;  the  composition  face  may  be  no  or  001,  or  the 
tw^ins  may  combine  irregularly. 

The  micas  give  water  in  the  closed  tube;  they  are  fusi- 
ble before  the  blowpipe;  the  ferromagnesian  micas  are  attacked 
by  acids,  leaving  a  skeleton  of  silica;  other  micas  are  nearly  or 
quite  insoluble.* 

Opt.  Prop.  In  all  the  micas  the  negative  acute  bisectrix 
is  almost  exactly  perpendicular  to  the  basal  cleavage  001,  so  that 
cleavage  laminae  show  a  bisectrix.  The  plane  of  the  optic  axes 
is  parallel  or  perpendicular  to  010,  varying  in  different  species. 
The  percussion  figure  makes  it  possible  to  determine  the  position 
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Flgrure  148. 
Optical  orientation  of 
biotKe,  phlo^pite,  and 
sinnwaldite. 


Figure  149. 
Optical  orientation  of 
muscovite,   para^onite, 
lepidolite     and     ano- 
mite. 


c£  rfte  o|»tic  plane  with  reference  to  oio  even  though  no  crystal 
CIO?  Nr  present.  (See  figures  147-149).  The  ferromagnesian 
3nlgfe^  4re  osoally  very  nearly  uniaxial ;  other  micas  usually  have 
JL  oir^StR^  ^KBgfe  of  the  optic  axes. 

The  birefringence  of  the  micas  is  always  very  strong, 
>r;irftn^  from  0.04  to  0.05.  The  ref ringence  always  produces  dis- 
tinct rttief  m  the  micas.    Absorption  is  very  strong  in  the  colored 

The  dispersion  is  p>z;  and  the  optic  plane  is  normal  to 
v^K*  ttt  muscovite,  paragonite,  lepidolite,  and  anomite;  the  dis- 
\»vMx,vn  IS  p<v  and  the  optic  plane  is  parallel  to  010  in  biotite, 
H>U»^v^pito,  and  zinnwaldite. 

Tlie  micas  vary  in  color  in  the  different  varieties,  being 
.>^loilcss.  white,  gray,  yellow,  brown,  green,  black,  pink,  violet. 
*  usicr  vitreous  to  pearly. 

Di.\G.  In  thin  sections  micas  are  characterized  bv  dis- 
luK't  relief,  strong  birefringence  (chlorites  and  clintonites  have 
weak  birefringence),  optic  orientation,  one  perfect  cleavage 
marked  by  fine  parallel  lines,  practically  parallel  extinction,  the 
mottk'd  appearance  between  crossed  nicols,  and  in  colored  vari- 
eties maximum  absorption  parallel  to  the  vibration  plane  of  the 
lower  nicol. 

The  species  of  the  mica  group  may  be  classified  as  fol- 


lows: 

r(UaK<»nitr 
Mnsr<»viti* 
|,rpi<l<>litc 
/iiuiwaldito 
riil«»K()pito 
Hiotitr 
Anninitc 


a\  b:c::o.S77'  1  :  3-313 


a:  h:  c:  0.577  :  i  •  3-274 
/?  =  90°  o' 


H.(Na,K)Al^(SiO^\ 

/?  =  89\=;4'  H;(K.Na)AU(SiO^)3 

(F.0H)/(Li.K.Na).,AUSi,O^ 

(F.0H),(Li.K,Na),FeAl,Si,O,,. 

(K,H);(MgF),Mg.^Al(SiO/j3 

(K,H),(Mg.Fe)^(Al.Fe),(SiO^), 
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The  composition  of  the  micas  is  very  complex,  and  not  yet 
fully  worked  out;  the  formulas  given  above  are,  in  part,  only  approxi- 
mate, and  in  part  only  correct  for  some  varieties.  Anomite  is  distinct  op- 
tically from  biotite,  but  the  chemical  differences  are  not  certainly  known; 
Tschermak  assigns  to  anomite  a  formula  in  which  K  is  in  excess  over 
basic  H,  while  he  assigns  to  biotite  formulas  in  which  the  basic  H  is 
equal  or  in  excess  over  the  K. 

PARAGONITE. 

MoNocuNic    (PsEUDOH  EX  agonal)  H^(Na,K)  A1  ,  (SiO  J , 

Phys.  Char.  Usually  massive  in  very  fine  scales;  also  com- 
pact. Perfect  basal  cleavage.  H.  =  2.5-3.  G.  =  2.78-2.90.  Gives  little 
water  in  the  closed  tube.  Difficultly  fusible.  Some  varieties  (prcgrdttite) 
exfoliate  when  heated,  like  vermiculite,  and  become  milky  white  on  the 
edRe.     Insoluble  in  acids. 

Opt.  Prop.  The  plane  of  the  optic  axes  is  normal  to  010;  the 
negative  acute  bisectrix  is  very  nearly  normal  to  cor.  Relief  distinct; 
birefringence  very  strong.     Dispersion  f>>v. 

n  =  1.60 

Color  white,  grayish  or  greenish  white,  yellow.  Luster  pearly. 
Absorption  not  marked.     Z  =  Y  >  X.     Colorless  in  thin  section. 

Occur.  Found  in  masses  in  some  crystalline  schists.  It  is 
possible  that  many  of  the  white  micas  formed  by  alteration  processes 
from  nepheline,  albite,  and  other  soda  minerals,  may  be  paragonite;  they 
are  usually  considered  to  be  sericite  (variety  of  muscovite),  but  paragon- 
ite and  muscovite  cannot  be  distinguished  optically. 

DiAG.  Distinguished  from  talc  by  the  large  optic  angle;  only 
distinguishable  from  muscovite  and  lepidolite  by  chemical  tests.     Rare. 

MUSCOVITE. 

MoNOCLiNic  (Pseudohexagonal)  H2(K,Na)Ala(Si04)8 

a:b:c::o.S77'  i- 3-313 

)9  =  89^54 
Phys.  Char.     Crystals  usually  tabular  with  hexagonal 

outline,  sometimes  tapering.    More  commonly  in  lamellar  masses ; 

also  cryptocrystalline  massive.     Twinning  on  the  mica  law  not 

rare.     Perfect  basal  cleavage  yielding  thin  elastic  lamellae;  also 

secondary  cleavage  or  parting  parallel  to  010,  and  to  several  unit 

pyramids  as  shown  in  the  percussion  figure.    H.  =  2.5-3.    G.  = 

2.76-3.    In  closed  tube  gives  \vater,  and  often  fluorine.     Fusible 

at  5.7  to  gray  or  yellow  glass.    Not  attacked  by  acids. 

Opt.  Prop.     The  plane  of  the  optic  axes  is  normal  to 

010;  the  negative  acute  bisectrix  X  makes  an  angle  of  o**  to  2* 

with  a  normal  to  the  base.    The  angle  of  the  optic  axes  is  about 

70**  (2£)  ;  it  is  less  in  muscovite  rich  in  silica,  and  much  less  in 

muscovites  slightly  altered  (sericite,  damourite).     In  these  the^ 


tagie  may  decrease  nearly  to'o".    The  rdief  it  diitiiict  and  tfie 
Urcfringence  veiy  vtnni;.    Diqternoii  p>v^ 

(— )aE  =  70'  (average)  60"  to  75' 

««=  1-5977   «-=iJ936  iS=i-56oi 

fl,— %  =  oj03;6 

In  many  caies  twioping  latndbe  are  to  superposed  that 
only  the  very  thiimest  cleavage  scales  are  bomogeneotu  in  orien* 
tation. 

Cdbriess,  gray,  brown,  pale  green,  etc    Luster  vitrecma 

to  pearly.     Streak  colorless.     In  thin  section  coloriess,  except 

in  iome.pleochroic  halot.    But  in  thick  phites  and  in  the  faalos  of 

thin  sections  distinctly  pleochn^  wiUt  Z  —  Y  >  X,  and 

■Z=:  Y=palc  jreUow  to  brown.- 

X  =  colorless. 

Ikcl,  Zircon  crystals  are  sometimea  found  as '  iado- 
•iona;  they  often  producx  pleodiroic  faalos  even  in  otherwise  color- 
leH  muacovite.'  Otter  minerals  sometimes  present. indnde  apa- 
tite, spind,  garnet,  tounnaltne,  quarts,  and  magnetite  or  hema- 
tite, the  last  in  dendritic  fonns.  ^ 

ALTsa.  In  deep  seated  ro^  muacovite  is*  stable;  in 
•urhce  rocks  it  may  weather  diiefly  bjr  hydratkm,  and  thnk 
diange  to  damourite  ("hydromica,"  sericite,  etc),  serpentine 
minerals,  or  talc.  In  case  of  diange  to  talc  hydrargillite  probably 
forms  at  the  same  time.    Muscovite  may  also  alter  to  paragonite. 

Damourite  is  a  slightly  altered  muscovite  in  which  the 
water  is  either  increased  or  becomes  less  closely  combined  than 
in  muscovite.  The  cleavage  laminx  are  flexible,  but  lose  their 
elasticity  as  the  change  prepresses.  .\t  the  same  time  the  angle 
of  the  optic  axes  decreases  from  70*  to  a  minimum  nearly  un- 
iaxial. Thus,  the  damourite  of  Pontivy.  France,  has  2E  =  10" 
to  12". 

Sericite  is  a  fine  scaly  or  fibrous  icind,  of  damourite; 
the  name  is  also  sometimes  applied  to  unaltered  muscovite. 

OccuK.  Muscovite  is  the  most  common  of  the  micas. 
It  is  a  normal  constituent  of  many  igneous  rocks,  especially  the 
granites.  It  is  an  important  constituent  of  gneiss  and  micaschist 
and  various  related  rocks.  It  occurs  in  large  crystals  in  veins 
and  dikes,  especially  in  pe^pmatite.  It  occurs  in  various  rocks, 
also,  as  a  decomposition  product,  being  derived  from  many 
sources,  as,  feldspar,  nephelite.  scapolite,  spodumene,  cordierite, 
cyanite,  topaz,  etc.    It  occurs  sparingly  in  sedimentary  and  frag- 


MUSCOVITE— LEPIDOLITE,  289 

mental  rocks,  but  metaniorphism  may  develop  it  in  these  rocks. 

Fuchsite  is  a  variety  of  muscovite  containing  Cr^Og,  replacing 
Al^O^do  4%).  In  fuchsite  2E  =  6S°-7o°  with  p>v,  Fuchsite  is  green 
with  distinct  pleochroism  as  follows :  Z  =  Y  =  green ;  X  =  colorless.  In 
thick  sections  Z  =  dark  bluish  green  ;  Y  =  yellowish  green ;  X  =  pale 
greenish  blue.  Fuchsite  is  found  in  micaceous  quartzites,  mica-schists, 
and  sparingly  in  gneisses  and  dolomites. 

Leverri6riteis  a  hydrous  aluminum  silicate  considered  by  somt!> 
writers  a  variety  of  kaolinite,  by  others  a  variety  of  mica.  It  has  twin-" 
ning  on  the  mica,  and  also  other,  laws;  micaceous  cleavage.  H.  =  1.5. 
G.  =  2.6.  Occurs  in  vermicular  forms  which  have  been  mistaken  for  or- 
ganisms and  called  bacillarites.  The  plane  of  the  optic  axes  is  parallel 
to  010,  and  the  negative  acute  bisectrix  very  nearly  normal  to  001,  the 
basal  cleavage.  2F  =  o°-so°.  varying  even  in  a  single  lamella,  usually 
about  uniaxial.  n^  nearly  =  «^  =  1.582 :  n^  =  1-554 ;  "g —  «p  =  0.028. 
Leverrierite  contains  a  brown  (organic?)  pigment.  Pleochroism  distinct 
in  thin  section  with  Z  =  clear  brown ;  Y  ==  dark  brown ;  X  =  colorless. 
Leverrierite  is  common  in 'black  carbonaceous  shales  in  parts  of  Frapce; 
al.so  found  in  porphyry. 

Chromocre  is  probably  a  cryptocrystalline  variety  of  muscovite 
veiry  rich  in  chromium.  It  occurs  in  earthy  or  granular  masses  of  minute 
globules  with  lamellar  texture.  Cleavage  perfect  ||  001.  H.  =  i.  G.  =•• 
2.47.  InswDluble  in  acids.  The  acute  bisectrix  X  is  normal  or  nearly  nor- 
mal to  the  cleavage  cox.  The  optic  angle  is  very  small.  Color  apple 
green  to  dark  green.  Pleochroism  weak  and  variable  in  thin  section  with 
Z  =  Y  bright  green,  X  yellowish  green  to  colorless.  Found  in  slates  and 
quartz  veins.  Differs  from  glauconite  in  its  brighter  green  color  and 
presence  of  chromium. 

DiAd.  Muscovite  is  distinguished  from  pale  phlogopite 
by  the  position  of  the  optic  plane,  from  talc  by  the  large  optic 
angle,  and  from  kaolinite,  chlorite,  etc.  by  the  strong  birefrin- 
gence. Distinguished  from  lepidolite  and  paragonite  only  by 
chemical  tests. 

LEPIDOLITE. 

MoNocLiNic  (Li,K)[Al(F.OH)JAlCSi03)., 

Phys.  Char.  In  aggregates  of  short  prisms,  or,  more  com- 
monly, in  lamellar  aggregates  more  o<r  less  compact.  Micaceous  cleavage 
|{  001.  Twinning  on  the  mica  law.  H.  =  2.5-4.  G.  =  2.8-2.9.  In  the 
closed  tube  gives  water  and  fluorine.  Fusible  at  2.5  with  intumescence. 
Incompletely  decomposed  by  acids. 

Opt.  Prop.  The  plane  of  the  optic  axes  is  normal  to  010* ; 
Ihc  negative  acute  bi.scctrix  is  very  nearly  normal  to  001.  Relief  per- 
ceptible; birefringence  very  strong.     The  angle  of  the  optic  axes  is  quite 


•W.  T.  Schaller  (Bull.  2f>2.  I',  s.  a.  tj.)  describes  lopldollt*^  fiom  California 
having:  the  optic  plane  parallel  to  010. 


ZINNWALDITE. 

MoNOCLiNic  (PsEUDOHEX agonal)  ( F.OH ) ^(U.K.Na) ^FeAl^SijO^, 

Phvs.  Char,  Crystals  often  in  fan-ahaped  groups  or  roseitei; 
more  commoiily  in  isolated  or  aggregated  lamellfc.  Very  similar  to  bio- 
lite.  Micaceous  cleavage  |[  ooi.  Twinning  on  the  mica  law,  H.  ^  2.5-3. 
G- =  ail- 3.2.  Fusible  at  1.5-2  to  black  glass.  Gives  water  and  fluorine  in 
the  closed  tube.     When  finely  powdered  camplelely  soluble  in  acids. 

Opt,  Prop.  The  plane  of  the  optic  axes  is  parallel  lo  010:  the 
negative  acute  bisectrix  it  very  nearly  normal  lo  Ool ;  Xac  =^o°'7°. 
Relief  marked  ;  birefringence  very  strong,  .^nglc  of  optic  axes  variable 
in  different  varieties.     Dispersion  p'Cv  weak. 

(— )  2F=io°-6o°  zE^so'-ts'  usually. 

Color  pale  violet,  yellow,  gray,  brown ;  in  thin  section  pleochroic 
with  absorption  Z  >  Y  >  X,  and  pleochroisin  as  follows : — 

Dark  varieties.  Light  colored  varieties. 

Z  =^  dark  brown  brownish  gray 

Y  =  dark  brown  brownish  gray 

X  —  yellowish  brown  or  reddish     nearly  colorless 

Incl.  Rmile,  zircon,  cassiterite  and  topaz  often  occur  as  in- 
clusions, usually  surrounded  by  pleochroic  halos. 

Occur.  Found  in  veins  in  granite  with  tin  ores,  topaz,  etc. 
Also  in  pegmatitic  veins  In  other  rocks,  as  syenite,  gneiss,  etc     Rare. 

Ctyophyllile,  folylithionilc,  and  irtringite^  are  varieties  of  zinn- 
waldite  or  lepidolite  characterized  by  low  alumina  and  somewhat  variable 
proportions  of  the  alkalies.  Cryophyllite  is  pleochroic  in  thin  section  with 
Z  ;^  Y   brownish   red,   X   emerald   green. 

DiAG.  Distinguished  from  lepidolite  (also  muscovite  and  par- 
agonile)  by  the  position  of  the  optic  plane.  The  optic  angle  is  usually 
much  larger  than  in  biotite  or  phlogopite,  but  a  chemical  test  for  lithium 

'S.  Weldman.  O.  .V.  H.  S,   Wit.  OuV.  XVI.  p.  397. 
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PHLOGOPITE. 


3 


Mono.  (Pseudohex agonal)  (K,H)3(MgF)3Mg3Al(SiOJ 

Phys.  Char.  Crystals  often  large  and  coarse;  usually 
in  six-sided  prisms,  very  short.  Similar  to  biotite.  Micaceous 
cleavage  ||  001.  Twinning  on  the  mica  law.  H.  =  2.5-3.  G.  = 
2.78-2.85.  Fuses  on  the  thin  edges  after  turning  white.  Com- 
pletely decomposed  by  sulphuric  acid  leaving  scales  of  silica. 

Opt.  Prop.  The  plane  of  the  optic  axes  is  parallel  to 
010;  the  negative  acute  bisectrix  is  very  nearly  normal  to  001. 
Relief  marked;  birefringence  very  strong.  Angle  of  the  optic 
axes  small,  but  variable  even  in  a  single  crystal.   Dispersion  p<.v, 

(-)  2£  =  o^  -  30° 
ng=  1.606  approx.    nm=  1.606    np=  1.562 

^g  — Wp  =  0.044 

Color  yellowish  brown,  brownish  red,  green,  yellow, 
colorless ;  usually  pleochrcic  in  thin  section,  with  Z  >  Y  >  X,  and 

Z  =  Y  =  brownish  yellow 
X  =  colorless 

Incl.  Inclusions  are  common,  and  they  cause  asterism 
on  account  of  their  arrangement  along  lines  at  about  60**  apart. 
They  consist  of  hematite  or  rutile,  or  tourmaline,  or  an  unknown 
mineral  of  low  relief  and  strong  birefringence. 

Occur.  Phlogopite  seems  to  be  found  only  in  crystal- 
line limestones,  dolomites,  and  serpentines.  Absent  or  very  rare 
in  igneous  rocks. 

Diag.  Phlogopite  is  distinguished  from  imiscovite,  para- 
gonite  and  lepidolite  by  color,  and  the  position  of  the  optic  plane. 
Differs  from  zinnwaldite  usually  in  its  smaller  optic  angle,  and 
from  zinnwaldite  and  biotite  in  its  mode  of  occurrence ;  but  chem- 
ical tests  to  show  the  relative  absence  of  lithium  and  iron  may 
be  needed. 

BIOTITE. 

Mono.   (Pseudohex agonal)    (K,H)2(Mg,Fe)ji(Al,Fe)2(Si04). 

a:b:  c::  0.557:  i :  3.274 
)9  =  90°  o' 
Phys.  Ch.\r.  Crystals  often  much  flattened  prisms  with 
hexagonal  outline ;  more  rarely  triangular  outline.  Often  in  dis- 
seminated scales  or  lamellar  aggregates.  Twinning  common  on 
the  mica  law;  often  very  thin  lamellae  superposed  in  twinning 
position.     This  condition  can  be  detected  only  by  crystal  faces, 
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or  by  varying  pleochroism  1 1  Z  and  Y  in  varieties  with  relatively 
large  optic  angle.  Perfect  basal  cleavage  yielding  thin  elastic 
laminae;  also  parting  ||  oio,  ill,  and  several  other  pyramids, 
thus  giving  the  pressure  and  percussion  figures.  H.  =  2.5-3. 
G.  =  2.7-3.2.  Whitens  and  fuses  on  thin  edges  before  the  blow- 
pipe. Decomposed  by  sulphuric  acid  leaving  the  silica  in  scales. 
Gives  water  and  sometimes  fluorine  in  the  closed  tube.  Often 
bent,  twisted,  or  even  broken  in  rocks  that  have  been  under  strain. 
Opt.  Prop.  The  plane  of  the  optic  axes  is  parallel  to 
010;  the  negative  acute  bisectrix  is  very  nearly  normal  to  001. 
The  angle  of  the  optic  axes  is  practically  zero  in  most  biotite  of 
igneous  rocks;  an  angle  {2E)  greater  than  20°  is  quite  rare,  but 
this  angle,  especially  in  dark  biotite,  occasionally  reaches  70°. 
The  relief  is  distinct,  and  the  birefringence  very  strong,  being 
stronger  in  biotites  rich  in  iron.     Dispersion  very  weak  p<v. 

(— )   2£  =  usually  near  0°   (o°-is°) 

=  less  commonly  15**- 30°;  rarely  30**  to  70°. 

M^=z  1.638-1.574  (varies  directly  with  iron  content). 

w^=ng  nearly     (varies  directly  with  iron  content). 

fip  =  1.586-1.541    (varies  directly  with  iron  content). 
Wg  —  tip  =  0.033-0.060  (varies  directly  with  iron  content). 

Color  black,  green,  brown,  red,  brownish  yellow.  Lus- 
ter splendent  more  or  less  pearly  on  cleavage  face,  and  vitreous 
on  lateral  faces.  Streak  colorless  or  gray.  In  thin  section  the 
absorption  is  often  Z  >  Y  >  X,  but  sometimes  it  is  Y  >  Z  >  X : 
usually  the  absorption  ' '  Z  and  ' ,  Y  is  practically  equal.  Pleo- 
chroism is  very  distinct,  as  follows : — 

Dark    yelloM                    T^r.)wn                        Dark    brown  (Jrt*   n 

Z=gol<lon    yellow           reddis'i    brown             dark    to    t>p;ique  grass   ^n-t-n    to 

brown  black 

Y^reddls'i     brown        locUlls'i    brown             dark    to    opaqiie  grass  rirot-n    to 

brown  black 

X=colorless                      pure  yellow                   pure    yellow  pale    to    dark 

\  el  low 

Tnc'l.      Plcf^chroic  halos   are   more   abundant   about   in- 
chisirns  in  biotite  than  in  any  other  mineral.     These  inclusions 
may  l^e  zircon,  apatite  or  titanite :  less  commonly  allanite.  rutile  ^ 
or  fluid  inclusions.     The  pleochroism  in  the  halos  is  similar  i\^ 
color  and  position  to  the  pleochroism  of  the  biotite  itself,  but      ^. 
is  more  intense,  so  that  the  halo  is  often  opaque  j'   Z  and     '    ^^^ 
The   refringence  and  tlie  birefringence  are  greater  in   the   I'l^^^v 
than  in  otiier  parts  of  the  biotite.     Tf  the  biotite  be  heated  t.c::::5>^^ 
hic^li  temperature  (but  not  fused)  the  halos  disappear. 

Altkr.     r>iotite  alters  readily  to  chlorite;  this  alterr%^ —    ^\( 
mav  he  direct  or  it  may  be  indirect.     In  tlie  latter  case  a  br~  q> 
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biotite  first  changes  color  to  green,  and  the  laminae  become  flex- 
ible and  inelastic ;  still  the  birefringence  remains  very  strong. 
F*inally  the  green  color  becomes  paler,  the  birefringence  decreases, 
and  chlorite  results,  often  accompanied  by  epidote,  calcite,  quartz, 
etc.  At  the  same  time  rutile,  octahedrite,  or  brookite  may  be 
formed. 

Biotite  is  sometimes  altered  by  the  loss  of  the  alkalies 
and  hydrogen  to  a  brown  or  yellow  mineral  with  bronze  luster. 
This  mineral  has  soft,  flexible,  inelastic  laminae;  heated  to  100** 
C.  it  loses  water,  at  a  higher  temperature  it  exfoliates  and  opens 
out  into  worm-like  forms  (hence  the  name  vermiculite) .  It  pos- 
sesses the  strong  birefringence  and  other  optical  characters  of 
biotite  and  the  micas.  This  strong  birefringence  distinguishes  it 
sharply  from  the  chlorites.  The  chemical  composition  of  the 
mineral  is  not  well  known,  but  it  seems  to  be  quite  variable,  as 
if  there  were  a  group  of  vermiculites. 

Biotite  suffers  noteworthy  modifications  under  the  meta- 
morphosing action  of  heat  (and  pressure).  Very  often  the  ex- 
terior of  the  biotite  changes  without  loss  of  form  to  magnetite, 
sometimes  accompanied  by  augite;  finally,  biotite  may  recrystal- 
lise,  at  least  in  part.  In  other  cases  the  biotite  may  be  modified 
in  part  to  hematite,  or,  by  more  heat,  to  magnetite,  spinel  and 
hypersthene,  with,  more  rarely,  sillimanite  and  recrystallisations 
of  biotite. 

Occur.  Biotite  is  an  important  constituent  of  many 
igneous  rocks,  being  found  in  eruptive  rocks  of  all  ages  and 
nearly  all  classes.  It  is  also  found  in  various  metamorphic  rocks^ 
such  as  gneiss  and  micaschist,  where  it  may  accompany  or  re- 
place the  muscovite.  It  is  a  product  of  both  regional  and  contact 
metamorphism,  but  phlogopite  is  much  more  abundant  in  crystal- 
line limestone,  dolomite,  etc.,  than  biotite.  Finally,  biotite  is  found 
in  unaltered  sedimentary  rocks  (usually  altered  to  chlorite)  where 
it  has  been  deposited  from  suspension. 

Roscoelite   is  a  vanadium  niica  of  doubtful   formula,  perhaps 
H,K,{Mg,Fe)(AI,V)JSiO,),2.    It  is  like"  biotite,  but  has  G.  =  2.92-2.94. 
ajid  reacts  for  vanadium.    Negative  acute  bisectrix  normal  to  basal  cleav- 
age.    Optic  angle  moderate ;  dispersion  p  <  v.     Color  dark  clove  brown 
to  dark  brownish  green.     Pleochroism  distinct.     Found  closely  associated 
^^ith  gold  ores,  especially  gold  tellurides.     Rare. 

Dtag.     Biotite  differs   from  the  alkaline  micas  in   the 
^^rxjsition  of  the  optic  plane,  the  small  optic  angle,  and  the  color 
nd  pleochroism.    It  has  darker  color  than  phlogopite. 
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ANOHITE. 

MoNOCLiNic  (K.H),(Mg.Fc)^(Al.FO,(SJO,>, 

Phvs.  Char.  Very  similar  to  biotitc,  of  which  it  is  usually 
considered  a  variety.  But  it  differs  optically,  and  Tschermak  assigns  to 
it  a  formula  containing  an  excess  of  K  over  basic  H,  while  he  believes 
biotile  10  contain  as  much  (or  more)  H  as  K.  Twinning'  on  the  mica 
law  very  common. 

Opt.  Prop.  The  plane  of  the  optic  axes  is  normal  to  oio;  tfae 
negative  acute  bisectrix  is  nearly  normal  to  ooi,  but  in  general  makes  a 
greater  angle  with  a  normal  to  001  than  in  biotite;  this  angle  may  reach 
4°  in  anomite.  and  in  such  a  case  the  twinning  laminee  are  easily  dis- 
tinguished in  sections  normal  to  ooi.  The  angle  of  the  optic  axes  is  usu- 
ally very  small  (2£  =  aboitt  lo"),  but  it  may  reach  much  larger  angles 
(25°,  40°,  68°).  The  dispersion  is  sometimes  p>i',  but  more  commonly 
p  <  v.  The  color  of  anomite  is  always  brown  or  reddish,  never  green. 
The  pleochroic  colors  are  those  of  brown  biotite.  The  absorption  is  some- 
times Z>Y.   soraelimes   Y>Z,   hut   always   X<Y   and   Z. 

OccCK.  Anomite  is  similar  to  biolilc  in  its  mode  of  occur- 
rence, but  is  not 


MICROCLINE.    see    feld.-ipar    group.      MICROSOMMITE, 
nephelite  group.     MIEESITE.  sec  marshite.     MILLERITE,  see 

nabar  e^oup.     MIMETITE,  see  ap.ilite  group. 

MIRABILITE. 


MoNOCLlNlC 


1.237 


Na^SO.  +  loH.O 


Phys.  Char.  Crystals  like  pyroxene 
in  habit  and  angle.''.  Usually  in  efflorescent 
crusts.  Twinning  on  100  rare.  Cleavage  per- 
fect II  100,  in  traces  ||  001  and  010.  H.  =  1.5-2. 
G.  —  1.48,  Soluble  in  H^O ;  taste,  cool,  ther 
bitter. 

Opt.  Phop.  The  optic  plane  and  acute 
bisectrix  X  are  normal  to  010 ;  the  axis  Z 
makes  an  angle  of  4-31°  with  e  in  red  light  a"d 
-|-  ^'/j  °  in  blue  light.  Crossed  dispersion 
Itrong.     2£=  122°  48"^.      Color   white. 

Occur,  Aburvdant  in  some  hot 
Springs ;  formed  in  quantity  from  some  salt 
lakes:  also  formed  by  the  action  of  volcanic  g^s- 
^   es  upon  salt  water. 

DiAC.  Distinguished  by  its  mode  of 
occurrence,  its  crystal  form,  its  efflorescent  char- 
acter, and  its  taste.  Optically,  it  is  negative,  with 
large  extinction  angle,  large  optic  angle,  and  strong  dispersion. 

HOISSANITE 

Rhombohedral  f  =  1.3264  5<C 

Phvs.  Char.    Crystals  usually  thin  hexagonal  basal  plates  often 


MOISSANITE—MOL  YBDOPHYLLITE.  295 

perfect  on  one  side  only;  rhombohedral  faces  small.  Twinning  on  loli 
rare.  Cleavage  or  parting  poor  1 1  oooi ;  fracture  conchoidal,  distinct. 
H.  =9.5+.  G.  =  3.05  -  3.23.  Infusible,  but  dissociates  at  about  3400°  C. 
Insoluble  even  in  HF. 

Opt.  Prop.  Uniaxial  and  positive.  Jewell  ^  reports  the  refrin- 
gence  very  high,  the  birefringence  extremely  strong,  and  the  dispersion 
remarkably  great,  as  follows: — 


Li 

Na 

Tl 

CuSO^ 

n,  =  2.86 

2.97 

3.07 

3.25 

ffp  =  2.76 

2.83 

2.90 

3.03 

ffg  —  »p=O.IO 

0.14 

0.17 

0.22 

Measurements  of  the  refractive  index  in  sodium  light  by  the 
method  of  Chaulnes  verify  Jewell's  determination  for  the  ordinary  ray 
(«p),  but  the  interference  figure  from  basal  plates  indicates  a  birefringence 
much    nearer  that  of  quartz  than  that  of  calcite.     [A.  N.  W.] 

Colorless  when  perfectly  pure,  but  usually  colored  green,  blue, 
red,  black,  by  small  amounts  of  iron,  alumina,  carbon,  etc.,  present  as 
impurities.  Further,  surface  films  of  silica,  often  present,  produce  irides- 
cent colors.     Luster  brilliant  adamantine. 

Occur.  Found  by  Moissan  in  the  Canon  Diablo  meteorite.  It 
is  an  important  artificial  product  of  the  electric  furnace  known  commer- 
cially as  carborundum. 

MOLYBDENITE. 

Hexagonal  c  =  1.908  MoS^ 

Phys.  Char.  Crystals  tabular  ||  0001,  or  short  prismatic; 
commonly  foliated  massive.  Cleavage  perfect  1 1  0001 ;  laminae  flexible 
inelastic  Feel  greasy.  H.  =  1.-1.5.  G.  =  4.7-4.8.  Infusible.  Decom- 
posed by  HNO3. 

Opt.  Prop.  Opaque.  Color  lead  gray.  Streak  slightly  green- 
ish (on  glazed  porcelain).    Luster  metallic. 

Occur.  Found  embedded  or  disseminated  in  crystalline  lime- 
stone, gneiss,  vein  quartz,  granite,  etc.    Alters  easily  to  molybdite. 

MOLYBDITE. 

Orthorhombic  a:h:c:'.  0.387 :  i :  0.475  MoOg 

Phys.  Char.  Crystals  capillary,  tufted,  massive  fibrous, 
earthy.  Cleavage  distinct  ||  001,  in  traces  ||  100  and  010.  H.=  1.-2.  G.= 
4-49-4-5-    Easily  fusible.    Soluble  in  HCl. 

Opt.  Prop.  The  optic  plane  is  parallel  to  100;  the  acute  bisec- 
trix Z  is  normal  to  001.  Birefringence  strong;  n^  —  »g  =  0.200.  Extinction 
parallel  to  positive  elongation.  Dispersion  p>r  strong.  2H ^  =  119** 23' 
Na.  Color  pale  to  orange  yellow.  In  thin  section  strongly  pleochroic 
with  Z  dark  orange  yellow,  Y  =  X  pale  yellow. 

Occur.    Found    with    molybdenite    from   which    it    is    derived. 

MOLYBDOPHYLLITE. 

Hexagonal  (Pb,Mg)2SiO^  +  H^O 

Phys.    Char.    Crystals   unknown;    in   lamellar  masses.     Per- 

» Mineral  Industry  Vol.  XVI.  1907.  p.  153. 
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5ion  figure  distinct,  like 

=  472.     Slowly  fusible  to 

Opt.   Pkop.     Uniai 


nicas.     Cleavage  perfect  1|  0001.     H.  =  3.-4- 
a  gray  porcelain, 
iai  and  negative.     Color  pale  green.     Color- 


normal  to  010:  the 
MONAZITE 


H,=  i.8i48Na    n(,=  i.76iiNa 

",  —  «p  =  0.0537 

OccuH.     Found  with   hausmannite  in   limestone.   Very 

HONAZITE. 

MoNocLiNic  a:b\  c-.'.o.gS^:  1 10.^26  (Ce.L: 

fl  ^  76°  2o' 

Phys.  Ch*ii.    Crystals  usually  small  tablets  ||  looi  s. 
elongated  ||  Tii.  or   ||  b.     In  sands,  rolled  grains  occur.     In  gnei 
eroseopie  crystals.     In   pegmatites  sometimes  larger  crystals.     CI 
too  distinct;  II  oto  difficult.    Parting  ||  001  sometime.'!  perfect. 
distinct,   sometimes  absent.     Twinning  common  on   too.     H.  = 
i-9'5-3-     Infusible.     Difficultly  soluble  in  HCI. 

Opt.  Psop.  The  plane  of  the  optic 
positive  acute  bisectrix  makes  an  angle  of  2° 
to  6°  with  the  vertical  axis  in  the  obtuse 
angle  0.  The  relief  is  high  and  ihe  hirefrin  ■ 
gence  is  very  strong.  The  angle  of  the  optic 
axes  is  small.  Dispersion,  weak  p<f;  also 
weak  horizontal  dispersion. 

(+)  2H^23°  to  31°  (2f  ^13°  to  15°) 

11^=1.8411     «^=;  17965    Hp— I79S7 

",  —  "„  -  o  0454 

Color  yellowish  to  reddish  brown, 
or  ml:  i)lfcjchroisni  ;ilni>iil  in  thin  =ecii'>n, 
but  ahsorplifiii  is  di^liIKt  from  colnrlc=s  to 
yellowi.h   with    V>Z^X, 

OrriH.  Occurs  sparingly  in  mi- 
criisc'ipic  crystaN  in  some  granite,  gneiss,  ap- 
lili\  niul  iK-gmalite.  .Also  in  sands  derived 
frnm  these  rock.s.  Thus  in  Rra/il.  North 
Carolina,  etc. 

Di.m;.  Distinguished  from  olivine 
by  the  -mall  iijilic  ancle;  diMinguishcd  from 
inanil.'  by  much  woiikiT  l>irofringenci>.  a  sm; 
.li'-li.T.-.Joil.  ami  the  fi.rni. 


MONTICELLITE.   see   nliviuo   cr.mp.     MORDENITE,   see    zco- 
>  gr.iiip.     MORENOSITE,  s^c  .p->""iit''  «rnup 

MOSANDRITE  and  JOHNSTRUPITE. 

.N.i.i.isir  ,1:/':,-::  1.(^1:  t:  r..!()i  Ce.,Ca,N'a^(F.0H).(SiO,'>, 


f^u-i 


.\hi: 


1   lai 
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MOSANDRITE 


tinci  Ij  100;  in  traces  in  thin  sections  ||  010,  and  probably  ||  001.  Twin- 
ning common  on  100.  H,  =4.-4.5.  G.  =  2.93-3.o7  ( mo  sand  rite ) ;  3.10-3.29 
(johnslrupite).  Gives  water  in  the  closed  tube.  Fuses  with  intumes- 
cence at  3.  to  a  brown  or  gray  glass.  Readily  soluble  in  HCl  with  sep- 
aration of  silica;  the  dark  red  solulion  gives  off  chlorine  when  healed. 
and  turns  yellow. 

Opt.  Pbop.  The  plane  of  the  optic  axes  is  parallel  to  010;  the 
nbtuse  bisectrix  makes  an  angle  of  about  2°  with  c.  Twinning  on  100 
often  poly  synthetic.  Refringence  high ;  bire- 
fringence variable,  as  in  epidoie,  with  which 
these  minerals  are  sometimes  compared. 
Angle  of  the  optic  axes  large  about  the  posi- 
tive bisectrix.  Dispersion  p^v  stroiig;  also 
weak  inclined  dispersion. 

Mosandrite.    Johnslrupite 
(-»-)  3V=      74°  70° 

H,=  I6S77 

n„  =  1.6490        1-546     (  ?T.646) 
«p  =  1.645s 

Color  brownish,  green,  reddish 
brown,  yellowish :  streak  yellowish  green  or 
pale  yellow.  Colorless  to  pale  yellow  without 
pleochroism  in  thin  section ;  in  thick  plates 
absorption  Z  >  Y  >  X  with  Z  =  greenish  yel- 
low,   Y  =  brownish    yellow ;    X  =  bright    yel- 


Optlcal   arJenlatlon 


t   opaque   unknown   sub- 


Ino..    Often   contain    inclusions  of 
fluorite.  eucolite,  etc 

Altec    Alter  easily  to  dark  brown  I 
stance;  calcite  and  xgirite  may  also  form. 

Occur.  Found  in  pegmatite  in  eleolite  syenite  and  related 
rocks  in  Norway.     Rare. 

DiAG.  Distinguished  from  rinkite  by  the  position  of  the  plane 
of  the  optic  axes  and  the  strong  dispersion  p>f;  distinguished  from 
hicrtdahlite  by  the  crystal  system  and  the  cleavage. 


MUSCOVITE,  see  n 
NARSARSUKITE. 


L  group. 


Tprit« 


..  Chai 


c  =  0.524  Na„FeFTi„Si,,0,„  ? 

Crystals  tabular  ||  001  or  short  prismatic,  Cleav- 
Ea.sily  fusible.     Soluble  only  in 


G.=  2 


age  perfect  ||  1 
HF. 

Opt.  Prop.  Uniaxial  and  positive.  Color  honey  yellow  to 
dish.  In  thin  section  colorless;  in  thick  sections  irregularly  colored 
pleochroic,  Z  reddish  yellow,  X  colorless. 

B,=  1.5842     «,=  1.5532 
",  —  »'„  =  0.031 


I 


NajCLi^(OH),(SO^)j  +  sH,0 

Phvs.  Char.  Crystals  steep  double  pyramids,  with  modifica- 
tions. Cleavage  perfect  ||  ooi.  H.  =  4.5.  G.=2.33.  Easily  fusible  to  a 
black  bead.     Slowly  soluble  in  water. 

Optic.    Pnor.      The    optic   plane    is   parallel    to   Oio; 
bisectrix  Z  makes  an  angle  of — ia°  with  c.    ZjAc>ZyAt.    The  refrin- 
gence  is  high  and  the  bircfringeiicp  extremely  strong.     The  optic  aiiel< 
moderate;  the  inclined  dispersion  is  weak,  but  p  <^v  strong  (3°). 
(  +  )   2K  =  36°5o' 
n^=i.?i43    «n,  =  1-6555    «„  =  1.6491 
»,  —  "p  =  0.0652 
Color  bright  emeraW  green  in  mass. 

OcciiH.     Found  with  chaleanlhite,  at:icainite.  nnd  brochanliK 
Chile.     Very  rare. 

NATROLITE.  sec  zeolite  group.   NATROPHILITE,  see  triphy- 

lite, 

Nephelitc  Group. 

This  proiip  includes  several  silicates  of  aluminum  with 
sodium,  potassium,  or  lithium,  as  well  as  other  elements  in  cer- 
tain cases.  The  minerals  are  all  hexagonal,  usually  in  prisms 
either  long  or  short,  or  in  aggregates.  They  are  chiefly  ortho- 
silicates,  although  nepheline  itself  does  not  seem  to  be  a  simple 
orthosilicate.  The  minerals  of  the  group  are  as  follows : — 
Nephelite  c  ^  0.8389  KjNa,AI^Si„0„ 

Kaliophilite  KAlSiO^ 

Eucryptite  LiAISiO, 

Cancrinite  2c -0.8819  H„Na„Ca(NaCO,).A]g(SiOJ, 

Microsommile    2c  =  0.8367  (Na,,Ca,K,),„(Cl.NaS0^.NaC03),iAl^^Si„^0„ 

NEPHELITE. 
Hexagon.-m.  c  =  0,8389  K,Na,Al,Si.O„ 

Phys-  Char.  Crystals  usually  thick  six  or  twelve-sided 
prisms  with  base  prominent ;  also  massive,  and  in  embedded 
grains.  Cleavage  imperfect  |]  lofo,  better  in  partially  altered 
samples;  cleavage  difficult  !|  0001.  H.  —  5.5-6.  G.  —  2.55-2.65. 
Fuses  quietly  at  .^.5  to  colorless  glass.  Soluble  in  acids  with  gela- 
tin ization. 

Opt.  Prop.  Uniaxial  and  negative.  Refringence  low: 
birefringence  very  weak. 

'  VHlBChc  ana  Warren:  Amer.  Jour.  Sc.  XXVI.   130:*.  p    345. 
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Penfield  Zambonini  Zimanyi 

«,=  1.5469  1.5428  1.5364 

np=  1.5422  1.5380  1.5322 

«g  —  np  =  0.0047  0.0048  0.0042 

Colorless,  or  tinted  by  impurities.  Luster  vitreous  to 
greasy.    Colorless  in  thin  section. 

Alter.  Nephelite  alters  in  various  ways ;  it  may  change 
to  a  mass  of  fibrous  zeolites  (natrolite,  and  hydronephelite,  some- 
times with  thomsonite,  or  christianite),  or  to  analcite,  or  sodalite; 
very  frequently  it  changes  to  cancrinite,  this  change  occurring 
first  along  the  cleavage  cracks  and  finest  fracture  lines,  and  finally 
replacing  the  whole  mass.  In  this  change  the  cancrinite  often 
has  a  uniform  orientation,  which  may  be  that  of  the  original 
nepheline. crystal.  Further,  nephelite  often  changes  in  a  similar 
way  to  muscovite ;  in  this  case  the  laminae  of  mica  are  commonly 
parallel  to  the  basal  cleavage  of  the  nepheline  in  which  they 
form.  The  mica  formed  is  colorless,  containing  potassium  and 
having  a  small  optic  angle.  It  has  been  called  liebenerite,  and 
also  gieseckite,  Calcite  may  form  at  the  same  time.  Finally, 
more  rarely,  nephelite  alters  to  kaolinite,  to  garnet,  or  to  a  col- 
loidal substance  of  unknown  nature. 

Occur.  Nephelite  is  found  only  in  sodic  igneous  rocks, 
that  is,  in  nephelite  syenite,  in  phonolite,  in  nephelite  basalt,  and 
in  theralite. 

Kaliophilite  (also  called  phacelite)  is  a  potash  nephelite,  of 
uniaxial  negative  character,  found  in  ejected  masses  from  Mt.  Somma, 
Italy.  It  is  produced  by  the  action  of  the  lava  on  adjacent  rocks,  in- 
cluding limestone.  Eucryptite  is  a  lithium  nephelite  found  as  an  altera- 
tion product  of  spodumene  at  Branchville,  Conn. 

DiAG.  Distinguished  from  apatite  (also  gehlenite  and 
melilite)  by  much  lower  refringence  giving  no  relief,  from  the 
sodalite  group  by  the  birefringence,  from  the  scapolite  group  by 
weaker  birefringence,  and  different  cleavage,  and  from  ortho- 
clase  by  uniaxial  character,  absence  of  twinning,  cleavage,  and 
easy  gelatinization  with  acids.  The  alteration  products  ^re  also 
rather  characteristic. 

CANCRINITE. 

Hexagonal  2c  =  0.8819  H^Na^Ca(NaC03)2Al^(SiOp^ 

Phys.    Char.     Usually   massive;    rarely    in    hexagonal    prisms 

terminated  by  low  pyramids.     Cleavage  perfect   ||    lolo.  difficult  parallel 

ii3o.    H.  =  5.-6.  G.  =  2.42-2.5.     Gives  water  in  the  closed  tube.     Fuses  at 


I 


OPTICAL  MINERALOGY. 

i   wilK   intiiniVM;cncc   l»   a   while   bicbby   glau,      Etfewtiixs   with    acids; 

On.    Pfeor.     Unulial   and    negative.      Rcfringence    low ;    bire- 
famg<MK«  «tnm(. 

•i,=  i.5i4l    -,  =  1^955 
■,  —  1^  =  00389 
Color  white,  or  noted  faf  imimriiki.    Colorless  in  thin  seaioii. 
AUM.    Rmlr  alien  to  uimltie. 

OtxvR.    Praod  ajifwremlj  »t  a  primary  constituent  of  certain 
t  rodc<  4MWiMcd  whh  oepbclilc ;  alK>  a  common  alteration  product 


l^w.  DiMtnBii<^*<l  from  nephetite  by  much  stronger  hire* 
r  (alio  b>  ready  fusibility  and  effervescence) ;  di^lingtilthed  from 
p  by  the  ilificfinB  cleavage,  and  from  the  calcitc  gnnip 
by  llw  dnvai*  and  Ihc  much  weaker  birefringence:  finally,  distinguished 
Ipuai  dwKMMHie  by  its  uniaxial  character 

MICROSOUMITE. 

VhN,*.         a.-  =  oaj67         (Na,.Ca.K,)„(a.N8S0..SaC0j)„.Al,,Si„O^^ 
Piivs.    CHAa,     Minnie   long   prismatic   crj'Mah,   vertically    slri- 

M«ii  terminated  hy  the  base.     Cleavage  pertecl  \\   loTo.  imperfect   ||  oool. 

II  —  b.     C  =3.43-3,53.      Fuses   with   difficuliy.      [)ccomposed   with   gelat' 

iMMlina  by  HCI. 

OiT.  Prop.    Uniaxial  and  posiiive.     Rcfringence  low ;  I>irefrin- 

gtatt  very   weak.    Cotorlesa. 

H,=  i.Sa9    n^  =  i.f3r 
n^  —  H^  —  coce 
Ocri.'H.     ViTv  rjri'      Ffiuinl  in  ejected  masses  and  levicilic  lavn« 

(rum   Ml,   Somma.  Italy,     Davyne  is  a  variety  of  microsommite.   probably 

differing  chemically  in  the  (Cl.NaSO^.NaCO,)  present.     It  has  very  weak 

birefringence;  n,=  1,5199  10  1.5222.  «„=  1,5174  to  1,5199.  n,  —  n^  =  0.002,:; 

lo  0.CO23.    Cat'olinite  seems  to  be  a  synonym  of  davyne,     Bolh  are  foiinil 

DiAC.  Distinguished  from  nephelite  by  the  optic  sign ;  from 
qu.irl;  hy  weaker  birefringence  and  cleavage.  Other  diagnostics  similar 
to  those  of  nephelite. 

NESQUEHONITE. 

Orthorhomdic  a:b:c::  0,644 :  1  -  0,45"  MgCO,  -f  jH^O 

Phvs.  Char,     Crystals  long  prismatic,  vertically  striated;   often 
radiating.    Cleavage  perfect  |{  no.  imperfect  ||  001.    H.^:2,5.    6.^^^1,84. 
Ot^.   Prop.     The  optic  plane  is  parallel  to  001;  the  acute  bisec- 
trix  X  is  normal  to  too.     Dispersion  p  <  f  weak.     Colorless  to  white, 
i—l   i/I^JM"  i5'Nn     (2r^53°5'Na) 
Hg--i,526     11^-1,501     11^=1.495 

",— 'lp=0,OJI 

OtviB,     Found   in   coal   mines   wilh   lansfordite.     Very   rare. 
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NEWBERYITE. 

Orthorhombic  a:h'.c::  0.955 :  i :  0.936  HMgPO^  +  3H2O 

Phys.  Char.  Crystals  equidimensional,  elongated  |{  c,  ov  tab- 
ular II  100,  much  modified.  Cleavage  perfect  ||  010,  imperfect  ||  001- 
H.  =  3.-3.5.     G.  =  2.10.     Soluble  in  HNO,. 

Opt.  Prop.  The  optic  plane  is  parallel  to  010;  the  acute  bisec- 
trix Z  is  normal  to  001.  2£  =  69**  47' Li.  (2^  =  44°  47' Na).  «„,= 
1. 5196.     Color  white. 

Occur.     Found  in  guano.    Very  rare. 

NITER. 

Orthorhombic  a :  6 :  c  : :  0.591 :  i :  0.701  ^^^.♦j 

Phys.  Char.  Crystals  acicular;  in  silky  tufts,  crusts.  Twin- 
ning on  110  as  in  aragonite.  Cleavage  perfect  ||  011,  imperfect  ||  010  and 
no.  H.  =  2.  G.  =  2.09-2.14.  Deflagrates  vividly  on  live  coal;  violet 
flame  color.    Soluble  in  H^O.    Taste  saline  and  cooling. 

Opt.  Prop.  The  optic  plane  is  parallel  to  100;  the  acute  bisec- 
trix X  is  normal  to  001.  Refringence  very  low;  birefringence  extremely 
strong.  Becomes  rhombohedral  and  uniaxial  at  300® C.  Color  white. 
Luster  vitreous. 

(— )  2£  =  7/2°-io° 

n^  =  1.506    «„  =  1.505    «p  =  1.334 

«g  —  «p  =  0.172 

Occur.     Forms  crusts  on  the  surface  of  the  earth,  on  walls 

and   floor  of  caves  in  limestones,   etc.     Usually  produced  in  part   from 

decaying  animal  refuse. 

NORTHRUPITE. 

Isometric  MgCO.  •  Na^CO,  *  NaCl 

Phys.    Char.    Crystals    octahedral.      Cleavage    absent.      H.  = 

3.5-4.    G.  =  2.38.     Fusible  at  i   with  frothing.     Easily  soluble. 

Opt.  Prop.    Isotropic.     Index  n=i.5i44Na.     Colorless  to  pale 

yellow,  gray,  or  brown.- 

Occur.     Found   in  a  clay  bed  below   Borax   Lake,   California. 

Rare. 

NOSELITE,  see  sodalite  group. 

OCTAHEDRITE  (Anatase). 

Tetragonal  c  =  1.777  TiO^ 

Phys.    Char.     Commonly    octahedral    in    aspect :    also    tabular 

or  prismatic.     Cleavage   distinct   ||   001    and    iii.   H.  =  5.5-6.     G.  =  382- 

3.95.     Infusible.     Insoluble.     Gives  tests  for  titanium. 

Opt.    Prop.    Uniaxial    and    negative.      Refringence    extremely 

high.     Birefringence  very  strong. 


i  with  HO. 
The  oplic  plane  is  parallel  to  c;  the  a 
e  of  the  prismatic  lone  of  elongation. 
(— )   .iF  =  large 

n=i.SS6 
'i,—«p  =  0-009 
■,  yellowish  or  bluish;  sometimes  ydlow  by  r 
ligbl.  and  blue  by  transmitted.     Colorless  ii 

OccvH.  Found  in  cavities  in  basic  igneous  rocks  associated 
with  zeolites.     Rare. 

OLIGOCLASE,  see  feldspar  group. 

OLIVENITE. 

Orthobhombic  a:b:c::  0.940 :  i : 0.673  Cu (CuOH )  AsO, 

Phys.  Chak.  Crystals  prismatic  to  'acicular ;  also  fibrous. 
lamellar,  reniform,  granular.  Cleavage  in  traces  [|  no,  010,  and  on. 
H.  =  3.  G,  —  4I-4-4-  Fusible  at  2;  crystalline  on  cooling.  Soluble  in 
HNO^, 

Opt.  Prop.  The  optic  plane  is  parallel  to  001 ;  the  positive 
acute  bisectrix  is  normal  to  100.  Dispersion  p<w  large.  Refringence 
high,  II— 1.83.  sH,  =  106°  6' Na,  Color  shades  of  olive  green  to 
blackish  green,  brown,  yellow,  white.     Streak  olive  green  to  brown. 

Occur.     Found  in  veins  of  copper  mines.     Uncommon. 

Adamite  |Zn(ZnOH).\sOJ  is  isomorphous  with  olivenite; 
a:  (i:c::o.973:  i:o.?i6;  crystals  prismatic  or  elongated  ||  h.  Often  in 
criisls.  Cleavage  distinct  |1  loi.  H.  =  3.5.  G.  =  4.35.  Fusible.  Soluble 
in  HCI.  Optic  plane  parallel  10  001 ;  acute  bi.^iectrix  Z  normal  to  oio. 
Dispersion  p<.v  large,  2H,— I00°- 108°  Li.  Color  yellow,  violet,  red. 
green,   colorless.     Streak   while.     Found   with   ?inc  ores.     Rare. 
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Libethenite  [Cu(CuOH)PO^]  is  in  the  same  isomorphous 
group ;  a:b:  c:: 0.960 :  i : 0.702 ;  crystals  short,  prismatic,  drusy ;  also 
reniform  compact.  Cleavage  indistinct  1 1  100  and  010.  H.  =  4.  G.  =  3.6- 
3.8.  Fusible  at  2  with  green  flame  color.  Soluble  in  HNO,.  Optic  plane 
parallel  to  001 ;  acute  bisectrix  X  normal  to  010.  Dispersion  p  >v  large. 
2^  =  81**  8'  Na;  n„  =  1.743.  Color  olive  green,  usually  dark.  Streak 
olive  green.    Luster  resinous.    Found  in  veins  in  copper  mines.    Rare. 

Dcscloizitc  [(Pb,Zn)(PbOH)V0J  also  belongs  in  the 
same  group;  a :  i; :  c :: 0.955 :  i :  0.805.  Crystals  short  prismatic  or  pyram- 
idal, often  drusy;  also  stalactitic  or  massive  fibrous.  Cleavage  none. 
H.  =  3.5.  G.  =  5.9-6.2.  Fusible.  Soluble  in  cold  HNO^.  Optic  plane 
parallel  to  010 ;  negative  bisectrix  normal  to  001 ;  sigfn  ±  ;  optic  angle  very 
large,  2//  =  97* ;  dispersion  p  <  v  strong.  Refringence  high,  »  ^  1.83. 
Birefringence  strong.  Color  red,  brown,  black.  Streak  orange  to  brown- 
ish red  or  yellowish  gray.  Luster  greasy.  Found  in  veins  associated  with 
vanadinite,  pyromorphite,  etc.     Rare. 

Olivine  Group. 

The  olivine  group  includes  several  minerals  which  are 
all  orthosilicates  of  bivalent  metals,  crystallizing  in  the  ortho- 
rhombic  system.  They  arc  commonly  found  in  embedded  grains 
or  in  short  prismatic  crystals  terminated  by  pyramids  and  domes. 
They  have  high  refringence  and  strong  birefringence,  with  a 
arge  optic  angle.  They  are  readily  attacked  by  acids  with  gela- 
Jnization;  they  alter  very  easily. 

The  minerals  of  the  group  include  the  following: — 
*ephroite  a:b:  c:: 0.4621 :  i :  0.5914  Mn^SiO^ 

laucochroite  a:b:  c::  0.440 :  i :  0.566  MnCaSiO^ 

tonticellite  a:b:  c:: 0.4337 :  i : 0.5757  MgCaSiO^ 

orsterite  a:b:c:: 0.4666 :  i : 0.5868  Mg^SiO^ 

Tirysolite  (Olivine  proper)      a:b:  c:: 0.4657 :  i : 0.5865  (Mg,Fe) ^SiO^ 

itanolivine  (Mg,Fe)2(Si,Ti)0^ 

ayalite  a:b:c::  0.4584 :  i :  0.5793  Fe^SiO^ 

In  the  forsterite-chrysolite-fayalite  series  the  angle  of 
le  optic  axes  varies  directly  with  the  percentage  of  FeO.  Thus, 
t  the  angle  be  measured  constantly  about  X,  2V  is  about  94°  in 
orsterite  with  very  little  FeO;  it  is  about  91**  in  olivine 
[lat  contains  10%  FeO;  it  passes  90**,  the  sign  becoming — at 
2%  FeO;  in  hortonolite  with  47%  FeO  it  is  about  70° ;  in  fay- 
lite  with  68%  FeO  it  is  about  50°.  At  the  same  time  the  indices 
tf  refraction  and  the  birefringence  increase  regularly. 

TEPHROITE. 

)rthokhombic  a:b:  c:: 0.4621 :  i : 0.5914  Mn^SiO^ 

Phys.    Char.     Crystals    rare;    usually    in    crystalline    masses. 

Heavage  distinct  ||  001;  indistinct  ||   100;  in  traces  ||  010.     H.  =  5.5-6. 


Okthohhombii 

Phvs,  CiiAK.     Crystals   prismatic;  also 
3.4.     Fuses  qiiielly  at  3.     Easily   soluble  in   HO. 

Opt.   P»0P.    The  optic  plane  ia  parallel  to  001;  llie  acute  bisec- 
oio.     Dispersion  p  >  v  marked.     Color  bluish   srcen. 
Colork'ss  in  thin  fragments. 

(— )  al'^fe-S'' 
",  =  1.735     "„  =  17JJ     11,  =  1.686 

Olm'r.  Found  at  Franklin  Fvirnact  with  garnet,  axinite,  etc 
Very  rare. 

MONTICELUTE. 

Orthorhombic  a:b:c::  0.4337 :  1 : 0.575?  MgCaSiO^ 

Phvs.  Char.  Crystals  similar  to  chrysolite;  also  grains  and 
masses.  Cleavage  indistinct  ||  Oio.  H.  ^  5.-5.5.  G.  ;=  3.12-3.27,  Fusible 
at  6,     Soluble  in   HCl;   evaporation  produces  gelalinizalion. 

Opt.  Prop.  The  plane  of  the  optic  axes  is  parallel  to  001  ;  the 
negative  acute  bisectrix  is  normal  to  olo.  Refringence  high;  birefringence 
rather  strong.     Dispersion  p>w. 

(-)   2F^37°3l' 
Bg  =  i.667g    B„  =  1.6616    Bp  =  1.6505 
n^—Hp^  0.0174 
Colorless   or   grayish ;    in   thin   section,  colorless. 
.Alter.    .Alters  to  serpentine;  also  to  a  variety  of  augite   (fas- 

Occl'r,     Very   rare.      Found  only   in   limestone,   due  to   contact 

DiAc  Dislinguished  from  chrysolite  (also  fayalite  and  fors- 
terile)  by  poor  cleavage,  small  optic  angle,  lower  refringence  and  much 
weaker   birefringence;   further,  most  chrysolite   is  positive. 
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FORSTERITE. 

Orthorkomdic  a:b:  c:  10.4666:  1:0.5868  Mg^SiO 

Ph¥S.  Char.  Crystals  similar  \o  chrysolite;  sometimes  flat  |1 
100;  elongated  ||  c;  also  grains  and  masses.  Twins  rare  on  031.  Cleav- 
age distinct  II  010.  difficult  ||  001.  H.^e.-?.  G.  =  3.21-3.33.  Infusible. 
Gelatinizes  wilh  acids. 

Opt.  Prop,  The  plane  of  the  optic  axes  is  parallel  to  001 ; 
the  positive  acute  bisectrix  is  normal  to  100;  refringence  high,  birefrin- 
gence    strong,     but     less    than 


that  of  chrysolitt 
P<v. 

(+)     2V 

Coloi 


Dispersion 


rORSTERITE 


1-659 

whitt 


lowish.    greenish :    colorless    i 
thiti  section. 

Is-ci,  Spinel  some- 
times is  found  abundaiilly  as 
inclusions. 

.Alter.  May  alter 
to  a  mineral  resembling  vil- 
larsilc  which  is  chemically  a  hydrated  for.sterile :  this  change  seems  to 
make  no  considerable  change  in  the  optic  properties.  Also  alters  to  ser- 
pentine. 

Occur.  Forsteriie  is  a  mineral  due  to  contact  metamorphism 
of  limestone  or  dolomite. 

DiAC.  <See  chrysolite).  Forsteriie  can  be  distinguished  from 
chrysolite  only  by  accurate  measurement  of  the  refringence.  birefringence 
or  optic  ang:le.  or  by  chemical  analysis.  However,  the  mode  of  occurrenci; 
may  aid  in  differentiation. 

CHRYSOLITE  (OUvine  proper). 

Orthorhomhic         a:b:  c::  0.46^7:  i  .0.5865         (Mg,Fe),SiO, 
Phys.  Ch.\r.     Crystals  usually  somewhat  elongated   |] 

c ;  rarely  elongated  \\  a:  commonly  in  imbedded  grains  or  rounded 

crystals :  also  massive.    Twinning  rare  on  on , 

and  very  rarely  on  012.     Cleavage  distinct  \\ 

010,  indistinct  1 1  100.  H,  =  6.5.-7.  G.  =  3.2- 
3.34.  Common  olivine  is  infusible,  but  vari- 
eties rich  in  iron  (hyalosidcritc.  with  Mg:  Fe:: 
3:  I,  for  example)  fuse  with  difficulty  to  a 
black  magnetic  globule.  \'ery  easily  attacked 
"by  acids   (even  acetic  acid)    with   gclatiniza- 

tion.  '    ^    (,J"^.^"„7  tmn 

Opt.  Prop.     The  plane  nf  the  optic  oiivinp. 

axes  is  parallel  to  001;  the  bisectrix  Z  is  normal  to  100. 


Plsure  1G5. 

FlKur«  IBB. 

Figu 

Optical  orientation 

Opllf»l  orlentBllon 

npiiPQi 

nectloD. 

plnacoldal    attUon. 

plnaeoiiia 

nxes  is  always  very  large.     The  dispersion  is  weak,  and  alway*"! 

p  <  z'  about  Z.    Chrysolite  is  nearly  always  positive,  but  2V  aboat 

Z  increases  with  the  percentage  of  FeO :  when  that  passes  about 


Figure  16S.  Section  of  olivine,  showing 
high  relief  and  alteration  along  fracture 
llnea.  In  olivine  gabbro  from  near  Blreh 
lake.  Minn.     W   1136.   One  nicol,    x   *6. 

12  per  cent,  the  angle  passes  90°  and  the  mineral  becomes  nega- 
tive. At  the  same  time  the  refringence  increases.  This  may  be 
shown  in  tabular  form  as  follows: — 


Name 

Locality 

Forsterite 

Vesuvius 

Chrysolite 

East  Indies 

Chrysolite 

Egypt 

Chrysolite 

Auvergne 

Hyalosiderite 

Norway 

Hortonolite 

Monroe,  Ct. 

Fayalite 

Rockport,  W 

n^    2V  about  Z 

Sign 

1.659       86**  10' 

+ 

1.670       ^j""  15' 

+ 

1.678       88' 41' 

+ 

1.692       90**  24' 

— 

95^  10' 

— 

1. 791       110*36' 

— 

1.864      130'  10' 

— 
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%FeO 
2  approx. 
6  approx. 
9.2 
130 
24.0 

47.3 
68.1 

The  indices  of  refraction  and  the  birefringence  are  as 
follows : — 

East  Indies  Torre  del  Greco,  Ural  Mts. 

Italy  (with  10.7%  FeO). 

11^=1.6894  1-697  1.7089 

w„  =  1.6703  1.678  1.6899 

ttp  =  1 .6535  1 .661  1 .6720 

Hg  —  «p  — 0.0359  0.036  0.0369 

Color  olive  green;  by  alteration  yellow,  brown  or  red. 
Luster  vitreous.  Streak  colorless.  Colorless  to  very  pale  green- 
ish in  section ;  by  alteration  of  the  iron  becomes  yellowish  to  red. 
Pleochroism  wanting. 

Incl.  Inclusions  are  common  of  magnetite,  spinel, 
apatite,  and  of  vitreous,  liquid  or  gaseous  nature.  Movable 
bubbles  of  liquid  carbon  dioxide  are  sometimes  observed  in 
cavities  in  olivine. 

Alter.  Olivine  alters  very  readily;  indeed,  it  is  much 
more  commonly  found  altered  than  fresh.  The  alteration  may 
give  varying  products,  as  follows: — The  commonest  alteration 
product  of  olivine  is  serpentine  (either  antigorite  or  chrysotile) . 
In  this  case  the  olivine  is  changed  to  a  hydrous  magnesium  sili- 
cate with,  frequently,  the  separation  of  magnetite  or  hematite. 
Along  the  cleavage  and  fracture  lines,  which  open  markedly,  the 
serpentine  develops  in  fibers  or  laminae,  and  finally  the  whole 
mass  is  transformed  to  serpentine.  Quite  often  olivine  alters  to 
a  mineral  probably  related  to  the  serpentines,  but  containing 
considerable  iron  and  showing  distinct  optical  properties.  This 
alteration  may  result  in  fibers  or  laminae,  or  it  may  result  in  a 
compact  mineral  having  the  same  orientation  as  the  original  crys- 
tal of  olivine.  The  resultant  mineral  may  be  howlingite,  xylo- 
tile,  or,  (with  nickel)  garnieritc.  Antigorite  and  chrysotile  in  thin 
section  are  colorless  or  very  pale  green  with  weak  birefringence ; 
bowlingite  and  xylotile  are  yellow  to  brown  and  pleochroic  with 
strong  birefringence,  while  garnierite  is  bright  green. 

Another  type  of  alteration  quite  common  in  olivine  is 
the  change  to  hematite,  or  limonite,  or  goethite.    In  this  case  the 
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alteration  takes  place  along  cleavage  and  fracture  lines,  even 
when  they  are  not  opened,  or  it  may  attack  the  mineral  with  no 
reference  to  the  cleavage  lines  on  the  borders  or  elsewhere. 

Atmospheric  weathering  of  olivine  results  in  the  forma- 
tion of  carbonates  with  limonitc  and  opal  (or  quartz).  The 
carbonates  arc  often  calcitc,  showing  the  removal  of  Mg  and  its 
replacement  by  Ca. 

Regional  metamorphism  sometimes  changes  olivine  to 
an  amphibole.  This  occurs  only  when  the  olivine  is  in  contact 
with  feldspar,  and  Ihns  the  pale  green  to  colorless  amphibole 
needles  form  a  zone  between  the  olivine  and  feldspar.  More 
rarely  stili  other  minerals  may  form  from  olivine,  as  pyroxene, 
talc,  etc 

Occur.  Olivine  is  a  common  constituent  of  various  ig- 
neous rocks,  in  some  of  which  it  is  an  essential  part.  It  is  found 
especially  in  basic  igneous  rocks  where  it  is  commonly  associated 
with  angite,  hypersthene.  plagioctase  feldspar,  magnetite,  etc. 
Further,  it  is  not  uncommon  in  crystalline  limestone  and  dolo- 
mite-: varieties  poor  in  iron  are  usually  found  here.  It  is  occa- 
sionally foimd  in  small  amomit  in  ore  deposits.  Finally,  olivine 
is  an  essential  constituent  of  many  meteorites,  where  it  consti- 
tutes (with  cnstatite,  chromite.  etc.")  the  stony  portion  of  the 
mass. 

DiAr.  Olivine  is  easily  recognized.  When  in  cry^^tals 
the  sections  show  acute-angled  ends,  a  high  refringence,  a  sha- 
green surface,  no  color,  strong  birefringence,  and  a  large  optic 
angle.  Extinction  in  the  chief  zones  occurs  parallel  to  the  elon- 
gation and  to  the  cleavages.  Distinguished  from  diopside  by  poor- 
er and  unequal  cleavages  to  which  the  extinction  is  parallel. 
Difficult  to  distinguish  from  orthorhombic  humite  when  the 
crystal  form  is  lacking  without  a  chemical  test  for  flourine :  how- 
ever, the  optic  plane  is  normal  to  the  best  cleavage  in  olivine 
and  parallel  to  the  cleavage  in  humite. 

TITANOLIVINE. 

ORTHOBHownic?  <Mg.Fc)/Si.Ti)0^ 

Phvs.  Char.  In  indistinct  crystals,  or.  more  commonly,  in 
roimded  srnins.  Twinning,  often  polysynlhelic,  with  twinning  plane  near 
014.  Cleavage  absent.  H.  ^6.  G.  —  3.2S-.I-27.  Infusible,  but  turns 
black  when  healed.     Soluble  in  acids,  giving  tests  for  titanium. 

Orr.  Prop.  Optical  orientation  unknown  on  account  of  lack  of 
crystals,  but  supposed  to  be  similar  to  chrysolite.  Refringence  high;  bire- 
fringence  strong.     Optic  angle   large;   dispersion    distinct  with  p<». 
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(+)  2^  =  62*^   (2£  =  ii9"30') 
fig  =  1.702    n„j  =  1.678    np  =  1.669 

«g  —  «p  =  0.033 
Color  reddish  brown  to  dark  ttd.     In  thin  section  pleochroism 

intense,  as  given  below,  similar  to  that  of  the  humites,   with  absorption 

X  >  Y  =  Z. 

Z  =  Y  :^  bright  yellow 

X  =  deep  reddish  yellow 

In  twins  sections  normal  to  the  acute  bisectrix  have  extinction 
symmetrical  to  the  twinning  plane;  the  optic  normal  (Y)  makes  an  angle 
of  about  20°  on  each  side  of  the  twinning  plane.  If  one  individual  of  the 
twin  is  cut  normal  to  the  obtuse  bisectrix  the  other  is  cut  oblique  to  the 
optic  plane;  in  this  case  extinction  occurs  in  the  two  parts  at  the  same 
time,  but  they  differ  in  birefringence  and  pleochroic  colors. 

Alter.     Alters  to  serpentine,  like  chrysolite. 

Occur.  Found  in  talcose  schist  in  Tyrol  and  in  Switzerland. 
Rare. 

DiAG.  In  mass  resembles  almandite  garnet,  but  gives  test  for 
titanium  after  prompt  attack  by  acids.  In  thin  sections  distinguished 
from  staurolite  by  different  pleochroic  formula,  much   stronger  birefrin- 


Flsure    159.  Figure    160. 
Optical    orientation  Optical    orientation 
in    a    section    nor-  in    a    section    nor- 
mal to  Z  in  a  twin  mal  to  Z  in  a  twin 
of  chondrodite.  of    titanolivine. 

gence,  polysynthetic  twinning,  and  the  absence  of  geometric  forms.  Dis~ 
tinguished  from  chondrodite  and  clinohumite.  as  follows: — In  sections 
normal  to  the  positive  bisectrix  of  twinned  crystals  the  optic  normal  makes 
symmetrical  angles  of  20**  in  titanolivine,  while  the  optic  plane  makes  sym- 
metrical angles  of  about  30°  in  chondrodite  and  7°  to  12°  in  clinohumite, 
with  the  twinning  plane. 

FAYALITE. 

Orthorhom Bic  a:h'.  c:  0.4584 :  i  :  0.5793  Fe.,SiO , 

Phys.  Char.  In  minute  crystals  flattened  ||  100:  also  in  forms 
similar  to  chrysolite,  and  massive.  Twinning  rare  on  on.  Cleavage  dis- 
tinct II  010,  indistinct  ||  100,  in  traces  ||  001.  H.  —  6.-7.  G.  =  4.-4.14. 
Fuses  readily  to  a  black  magnetic  globule.     Gelatinizes  with  acids. 

Opt.  Prop.  The  plane  of  the  optic  axes  is  parallel  to  001  ;  the 
negative  acute  bisectrix  is  normal  to  010.  Refringence  high ;  birefringence 
very   strong;   optic  angle  large.     Dispersion   distinct   with  p  >  r. 
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«g  =  1.8736    H„  =  1.B641    Up  =  1.8236 
"g  —  "p  =  o  0500 

The  optic  angle  becomes  larger  and 
the  retringence  and  birefringence  decrease  as  the 
iron  is  replaced  by  more  and  more  magnesium 
(see  chrysolite).  Thus  m  the  variety  horlono- 
liU,   wilh   about    18%   of   MgO,   the   optic    angle  """"secUon. 

(2K)   i<i  about  ?o°,  and  nj=i.8o3i,  H^^m.^gij,  Hj,r^  1.7684,  >'^  —  ^l^,=^ 
0.0347. 

Color  pale  greenish  yellow;  by  oxidation  of  iron  reddish  brown'^ 
to  black.     Usually  colorless  in  thin  section,  but  sometimes  pale  yellow  with     ' 
very  weak  pleochroism.       In  thin   sections  Z  =  X  =  greenish  yellow,  and 
Y  =  orange   yellow.      Absorption   Y  >  X  >  Z.      The   pleochroism   may   at 
times  be  due  lo  ferruginous  inclusions. 

Alieb.  Similar  to  chrysolite,  but  iron  products  are  more  abun- 
dant. 

Occur.  Not  abundant  in  nature;  found  in  litliophyses  in  rhy- 
olite  in  Yellowstone  Park,  etc. ;  also  in  other  volcanic  rocks,  in  pegma- 
tite, and  in  some  basic  igneous  rocks  rich  in  iron  of  the  Lake  Superior 
region.  Fayalite  is  the  most  abundant  silicate  found  crystallized  in  many 
metallurgical  slags.  In  these  slags  the  mineral  occurs  with  all  the  forms 
common  in  chrysolite :  a  vitreous  residue  is  often  abundant  in  fayalite 
thus  formed. 

Knebelite  is  intermediate  in  composition  between  fayalite  and 
tephroitc.  that  is,  {Fe,Mn)jSiO^,  but  varieties  are  known  with  mag- 
nesium, thus  grading  toward  hortonolite  and  hyalosiderite.  Cleavage  dis- 
tinct ![  no,  indistinct  ||  loO  and  ooi.  G.  —  3.9-4.17.  Color  gray,  red. 
brown,  yellow,  green,  black.  Colorless  to  brown  or  green  in  thin  section. 
Negative.  Optical  orientation  as  in  fayalite.  Optical  angle  large.  3G  = 
63°  4S'.  Dispersion  p>v.  The  optic  angle  increases  with  decrease  of 
the  iron  content.     Found  in  iron  manganese  mines  in  Sweden.     Very  rare. 

DiAC.  (See  chrysolite).  Fayalite  is  distinguished  from  chrys- 
olite by  the  higher  refringence,  stronger  birefringence,  and  much  smaller 
optic  angle;  further,  chrysolite  is  usually  positive.  Fayalite  is  also  more 
fusible. 

OPAL. 

Amorphous  SiOj  +  jiH^O 

Phys,  Chaf.  Occurs  in  irregitlar  grains,  globules, 
masses,  sometimes  reniform,  stalactitic,  earthy,  etc.  It  may  be 
porous  or  earthy;  it  may  be  capable  of  absorbing  much  water, 
and  thus  becoming  more  transparent.  Opal  is  usually  much 
fractured.  H.  ^:  5.5-6.5.  G.  =^  1.9-2.3.  Variation  in  specific 
frravity  is  due  to  variation  in  the  amount  of  water  present  (i  to 
20%)  and  to  the  frequent  existence  of  various  impurities      'n- 
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isible.     Gives  water  in  the  closed  tube.     More  soluble  than 
lartz  in  HF. 

Opt.    Prop.     Monorefringent,    but    rather    frequently 

lows  some  polarization  due  to  internal  strain;  globules  then 

low  a  black  cross  of  negative  character  like  colloidal  substances, 

g.,  gelatine,  which  contract  on  solidifying.    Refringence  varies 

Dparently  with  the  amount  of  water  present. 

n  =1.44-1.45  commonly, 
n  =:  1.406  with  very  little  water. 
n  =  1.446  after  absorption  of  water. 

Colorless,  white,  milky,  yellow,  brown,  red,  green,  blue, 
lack.  Precious  opal  shows  a  play  of  colors.  Colorless  in  thin 
action. 

Incl.    Inclusions  of  various  pigments,  etc.,  are  common. 

Alter.  By  loss  of  water  opal  changes  to  various  forms 
f  quartz  such  as  normal  quartz,  quartzine,  chalcedony,  etc.,  or 
)  tridvmite. 

Occur.  Found  in  rocks  of  all  kinds,  but  always  of  sec- 
ndary  origin.  It  may  be  formed  by  the  alteration  of  silicates 
1  igneous  or  metamorphic  rocks;  it  may  be  deposited  from 
)lution  about  geysers  or  in  veins,  or  cavities;  it  may  be  of  or- 
anic  origin ;  or  it  may  be  of  concretionary  origin  in  sedimentary 
>cks. 

DiAG.  The  distinctive  characters  of  opal  are  the  mono- 
?fringent  character,  the  low  refringence,  the  mode  of  formation, 
le  colloidal  structure,  the  low  specific  gravity,  and  the  solubility 
I  alkalies  as  well  as  in  HF. 

ORPIMENT. 

RTHORHOMBic  aibicii  0.603 : 1 : 0.674  ^^2^3 

Phys.  Char.  Crystals  small,  indistinct;  usually  foliated  mas- 
ve.  Cleavage  perfect  ||  oio,  in  traces  ||  loo;  gliding  plane  ||  ooi.  Lam- 
X  flexible,  inelastic.  H.  =  1.5-2.  G.  =  3.4-3.5.  Wholly  volatile  before 
e  blowpipe.     Soluble  in  aqua  regia. 

Opt.  Prop.  The  optic  plane  is  parallel  to  001 ;  the  positive 
utc  bisectrix  is  normal  to  100.     Dispersion  p  >  v,  very  strong. 

(-f)  2£  =  7o°24' 

Color  lemon  yellow.  Streak  pale  yellow.  Luster  on  cleavage 
arly. 

Occur.  Found  in  hot  springs  and  geyser  deposits,  in  veins 
lAitaining  arsenic,  in  deposits  from  volcanic  gases,  and  in  clay.  Also 
rms  by  sublimation  in  burning  coal  mines. 

ORTHOCLASE,  see  feldspar  group.    PACHNOLITE,  see  cryo- 
te.    PARAGONITE,  see  mica  group. 


[lCe.U.Di)FJ,Ca{CO,), 
pyramidal,    horizouully    : 
G.  =  4,2-4.36.      Infusible. 


.ial  and  posii 


Refringencc  tnotleratc: 


I 


He.'vAGON 

Phvs.    Chak.     Crystah 
Cleavage    pcrti 
1  HO, 

Oit.  Piiop, 
rcfringcnce  very  high 
brownish  ycllfiw,  streak  yellow  white. 

Oictii.    Found  with  beryl  ■ 
Very 

Syncbysite  I{CeF)Ca(COj,),]  is  a  related  mineral 
lar  in  form,  but  rbombolicdral  in  aymmeiry.  Cleavage  none  when  unal- 
tered. G.  =  j.9.  Infusible,  Uniaxial  and  positive.  h,=  1.7701.  0^  = 
1.6742;  rtj  —  iig  —  ojjiJSy.  Color  light  gray,  wax  graj.  hair  brown.  In  thin 
section  straw  yellow,  gray,  non-l>leochroic,  or  feebly  so.  Sometinies  shows 
a  brown  pigment  in  loncs.     Very  rare 


Colorless  in  I 
eudidymite;  also  ii 


PECTOLITE. 


a:b:e::  1.1140:  1 :0,9864 
0  =  84' 40' 
CoMp.     Basic   hydrogen   is   often   pre; 
perhaps  HNaCaj(SiO,),. 

Phvb.  Chah.  Crystals  often  flallened  ||  1 
l>:  commonly  in  close  aggregation  of  acicular  crysiab 
ring  on  100.  Otav.igc  perfect  ||  too  and  ooT,  H.  =  4. 
Fines  at  1  t(i  while  enamel.  Partly  decom- 
posed by  HQ  with  gelalinization.  Yields  f 
water  in  closed  lube. 

Opt.  Prop.  The  plane  of  the  optic 
axes  is  normal  to  010.  to  whic'?  the  positive 
acute  bisectrix  is  also  perpendicular.  The 
opiic  plane  and  obtuse  biseclrix  are  nearly  nor- 
mal to  100.  Refringence  rather  high;  bire- 
e  strong ;  optic  angle  large.  The  optic 
I    nearly    parallel    10    the    elongation. 

<+)    2F=:60°. 

n^i.6i. 
n,  —  «p  :=  0.038 
Colorless,    whitish,    gray ;    colorless 
1  thin   section. 

Occur.  Found  in  cavities  or  seawi 
1  basic  igneous  rocks;  less  commonly  in 
net  am  Orphic  rock.s. 


...4 

ie  formnla  |fl 

■   elongated   || 
fibers.     Twin- 


Na,Ca{SJO,>^ 
;ind   the   formala 


fringe.n 


Flsure  lfi2. 

Opiloal   orlenlHlii 

pectoiiie. 


Man  gano  pec  to  lite  with    4%     MnO 
n   ncpbcline   syenite   of   Magnet   Cove. 

is  of  a  clear  green  color,  hut  i-;  often  clouded  with  brown  o.xide 
lanese.   Cleavage   perfect    [|   001,   less   perfect   ||    loo.     Optic   plane 
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as  in  pectolite.    Optic  angle  small.  2£  =  15°.     Dispersion  p>v,  with  very 
strong  dispersion  of  the  bisectrices,  as  in  titanite. 

DiAG.  Distinguished  from  wollastonite  by  the  position  of  the 
optic  plane  and  Z  with  reference  to  the  elongation,  giving  constant  posi- 
tive elongation. 

PENNINITE,  see  chlorite  group. 

PERCYLITE. 

Isometric  FbCu(OU)^C\^? 

CoMP.  AgCl  is  often  present,  and  is  perhaps  an  essential  con- 
stituent. 

Phys.  Char.  Crystals  minute  cubes ;  also  massive.  H.  =  2.5. 
G.  —  5.25.     Cleava-ge  perfect  ||   100,  imperfect   ||   in. 

Opt.  Prop.  Isotropic  or  nearly  so.  Refringence  very  high. 
Color  sky  blue. 

Occur.     Found  with  lead  or  copper  ores.     Very  rare. 

Boleite,  p8eudobol6ite  and  cumeng6ite  are  closely  related 
to  percylite  and  are  thought  by  Lacroix  to  constitute  a  series  with  it  in 
which  the  silver  content  continuously  decreases  to  none  m  cumengeite. 
At  the  same  time  the  specific  gravity  decreases  to  5.08.  4.85,  and  4.67. 
Further,  the  crystal  form  changes  to  tetragonal,  and  the  length  of  the 
vertical  axis  decreases  from  3.996  in  boleite  to  2.023  in  pseudoboleite,  and 
1.625  in  cumengeite.  The  mean  index  of  refraction  is  near  2.  in  all  the 
species,  but  the  birefringence  varies  widely,  from  zero  in  percylite  to  0.020 
in  boleite,  0.032  in  pseudoboleite.  and  o.ioo  ±:  in  cumengeite.  The  aniso- 
tropic species  are  pseudoisom^tric  and  tetragonal ;  they  are  uniaxial  and 
negative.  But  the  latest  analyses  indicate  variations  in  composition  in 
these  minerals  not  only  in  silver  content,  but  also  in  the  percentage  of 
lead  and  water  present.     Found  with  copper  ores.     Very  rare. 

PERICLASE. 

Isometric  MgO 

Phys.  Char.  In  cubes,  octahedrons,  or  grains.  Perfect  cubic 
cleavage;  indistinct  octahedral  cleavage.  H.  =  5.5-6.  G.  =  3.64-3.67.  In- 
fusible.    Soluble  without  effervescence. 

Opt.  Prop.  Strictly  isotropic.  Cubic  cleavage  usually  distinct 
in  fine  straight  lines.    Relief  high. 

n  =  1.736. 

Colorless  to  grayish  or  yellowish ;  brownish  yellow,  dark  green : 
usually  colorless  in  thin  section. 

Alter..  Alters  readily  to  hydromagnesite.  to  serpentine,  or  to 
brucite. 

Occur.  Rare.  Found  in  limestone  modified  by  igneous  action 
on  Mte.  Somma.  in  a  manganese  mine  in  Sweden,  etc.  Associated  with 
monticellite,  forsterite.  spinel,  magnesite.  etc. 

DiAG.  Isotropic  character,  high  relief,  perfect  cubic  cleavage. 
and  mineral  associations  are  usually  sufficient  to  identify  the  mineral. 
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PEROVSKITE. 

PSEUDO-ISOMETIUC  CaTiO^ 

pHvs.  Char.  Crystals  often  cubic  in  aspect ;  also  octahedral, 
trisoctahedral,  etc.  Also  in  rounded  grains,  or  reniform  masses.  Intimate 
penetration  twinning  usually  present.  Cubic  cleavage  distinct  in  large 
crystals ;  not  visible  in  thin  section.  H.  =  5.5.  G.  =  4.02-4x14.  Infusible. 
Decomposed  by  sulphuric  acid. 

Opt.  Prof.  Apparently  isotropic  in  small  crystals.  In  large 
crystals  always  anisotropic,  with  complex  interlaced  twinning,  which  may 
be  explained  like  the  twinning  of  garnet  (pyreneite)  or  boracite.  The 
mineral  is  orthorhombic,  or  of  tower  symmetry  at  ordinary  temperatures; 
it  is  probable  that  it  is  strictly  isometric  at  the  temperature  and  pressure 
of  formation.  Twinning  often  absent  in  small  crystals.  All  the  optic 
properties  of  the  twins  not  fully  known.  Dispersion  p  >  v  about  Z. 
(±)  2K  =  about  90° 


0.007  a 


iable. 


Color  pale  yellow,  orange  yellow,  reddish,  brown,  black;  in 
transmitted  light  grayish,  violet  gray,  brownish  to  reddish,  rarely  green- 
ish.    Colors  sometimes  arranged  tonally. 

Occult.  Perovskile  occurs  well  crystallized,  especially  in  meta- 
morphic  rocks,  both  regional  and  contact.  Also  common  as  a  microscopic 
element  in  melilite  basalt  and  ncpheline  basalt.  Here  it  is  one  of  the  first 
minerals  to  crystallize;  therefore  inclusions  are  rare;  it  may  be  formed  by 
Ihc  aheralion  of  ilmenite. 

DiAG.  The  extremely  high  refringence,  the  complex  twinning, 
the  color  and  the  weak  birefringence  usually  identify  perovskite. 

PETALITE. 
Mos'OCLiNic  a:  b,  c::  1 

?-- 
Phvs.  Chab.  Crystals 
foliated  cleavable  masses. 
Cleavr.ge  perfect  ||  oof,  easy  \\ 
301,  difficult  II  505.  Colorless, 
or  slightly  tinted.  H,  =  6.-6.5. 
G.  ■=  2,39-2.46.  Phosphorescent 
on  heating.  Fusible  zt  -bout  5. 
Soluble  in  HF  (spodnmene  i, 
insoluble).     Insoluble   in   ordi- 

Opt.  Prop.  The 
plane  of  the  optic  axes  is  nor- 
mal to  010;  the  positive  acute 
bistctrix  is  normal  to  010;  the 

)  .1°   with  001   in 
e  fi;  optic  angle 
large.  Dispersion  p<.v  weak;als< 


1534:  1 10.7436  LiAUSijO,). 

■-  67°  34' 

rare,  often  elongated   ||   a;  usually  in 

petalite: 


ingle  of  2 


FIgurR  IRS.     Optical  orientation  et 

peullte. 
weak  crossed  dispersion. 


PETALITE—PHARMACOSIDERITE.  315 

(+)    2F  =  83°34' 
fig  =  1.516  n„  =  1.510  np  =  1.504 
«g  —  np  =  0.012 
Colorless  or  somewhat  tinted.    Colorless  in  thin  section. 
Occur.     Rare.     Found  in  pegmatites  and  similar  rocks,  and  in 
3me  ore  deposits.     Often  associated  with  spodumene,  tourmaline,  etc. 

DiAG.  Cleavage  angle  141**  between  two  unequal  cleavages; 
irge  optic  angle,  positive  character,  low  relief,  rather  weak  birefringence, 
xtinction  nearly  parallel  to  the  best  cleavage,  which  has  negative  direc- 
on. 

PHARMACOLITE. 

f ONocLiNic  a:b:c:: 0.614 :  i : 0.362  HCaAsO^  +  211^0 

p  =  83'  13' 
Phys.  Char.    Crystals  elongated   ||   a;  with  domes;  often  fi- 

rous  to  acicular;  stalactitic;  massive.     Cleavage  perfect  ||  010.    H.  =  2.- 

.5.    G.  =  2.64-273.     Fusible  with  intumescence  and  blue  flame.     Soluble 

1  acids. 

Opt.  Prop.    The  optic  plane  and  obtuse  bisectrix  Z  are  normal 

>  010 ;  X  makes  an  angle  of  +  70°  with  c, 

(— )    2/f^  =  II2^20' 

«g=  1.5937    n^  =1.5891    «p=  1.5825 
fig --np  =  0.01 12 
Color  white  to  g^^yish  or  reddish.     Streak  white. 
Occur.    Found  with  ores  of  cobalt  and  silver,  and  with  arseno- 
yrite. 

Brushite  (HCaPO^  -f  2H2O)  is  mionoclinic  with  a:b:  ci: 
622 : 1 : 0.342  and  p  =  84°  45'.  Crystals  slender,  prismatic ;  also  con- 
rctionary.  Cleavage  perfect  ||  010,  and  Joi.  H.  =  2.-2.5.  G.  =  2.2-2.3. 
usible  -with  intumescence.  Soluble  in  dilute  acids.  Optic  plane  and 
cute  bisectrix  Z  normal  to  010;  Xac=io*'.  2F  =  85**43';  w^=  1.5509, 
„=  1.5545;  *«p=  1.5392;  fig  —  ffp  =  0.0117.  Colorless  to  pale  yellow, 
treak  white.    Found  in  guano.    Very  rare. 

Haidingerite  (HCaAsO^ -f  H^O)  is  orthorhombic  with  a:b: 
: :  0.839  •  I  *  0.499.  Like  pharmacolite  in  characters,  but  G.  =  2.85.  Optic 
ane  parallel  to  100;  acute  bisectrix  Z  normal  to  001.  Axial  angle  large. 
^=1.67.     Color  white.     Found  with  pharmacolite. 

Wapplerite  (HCaAsO^  +  3/^H20)  is  monoclinic  (or  triclinic?) 
ith  aibici: 0.913 :  i : 0.266  and  p  =  84°  35'.  Crystals  small,  highly  mod- 
ed;  also  globular,  encrusting,  reniform.  Cleavage  ||  010.  H.  =  2.-2.5. 
.  =  2.48.  Optic  plane  and  acute  bisectrix  normal  (or  nearly  normal)  to 
[o;  obtuse  bisectrix  makes  an  angle  of  — 69**  with  c.  2E  =  55°.  Crossed 
ispersion  with  p  <  r.     Colorless  to  white.    Found  with  pharmacolite. 

PHARMACOSIDERITE. 

k)MrfRic  3FeAsO^  •  Fe(0H)3  +  6H2O? 

Com  p.     Exact  composition  somewhat  uncertain. 


OPTICAL   MIXERALOGV. 

Pmvs.  Char.  Crystals  cubic,  tetrahedral,  or  combined,  Rarely 
granular.  Cleavage  imperfect  ||  loo.  H.  =  ^.5,  G.  =.2.9-3.  Easily  fu- 
sible.   Soluble  in  HCl, 

Opt,  PbciP.  Isolropic:  sotnelimes  bircfringcnt.  Refringence 
high.  H=  1.676,  Color  olive  green  to  yellowish  brown,  yellow,  green. 
Streak  paler. 

Occl'R.  Found  eipeeially  in  copper  mines  with  scoroditc,  en- 
argite.  etc. 

PHENACITK 

RHOMBOUEDkAL  f  =  a66i  BCjSiO, 

Phvs.  Char.  Commonly  in  lenticular  rhorabohedral  crystals, 
or  in  prisms  more  or  less  elongated  \\  c.  Twinning,  commonly  by  pene- 
tration, with  [oio  as  twinning  plane,  Geavage  difficult  ||  Ii3o  and  lOfl. 
Fracture  conchoidal  or  uneven.  H.  =  7.-8.  G.  =  afl6-j.oa  Infusible  In- 
soluble. 

Opt.   Phop.     Uniaxial   and  positive.      Relief  distinct. 
11^—  1.6697    "1,  =  '6540 

Colorless;  aUo  yellow,  brown  or  red  by  infiltration  of  iron  com- 
pounds. Usually  colorless  in  iliin  section ;  the  yellow  variety  in  thick 
seciions  shows  distmcl  plcochroism  with  Z  yellow,  X  colorless. 

OccU'H.  Found  in  pegmatites  and  some  metamorphic  rocks. 
Karc. 

Willeniite  (Zn^SiO^)  is  isomurphous  with  phenacile,  with  c  = 
0.677,  3iid  is  like  il  in  characters,  bul  has  cleavage  ||  ii3o,  or  oooi.  H.  =; 
5.5.  G.  =  ,19-4.;,  Il  i.".  difficultly  fusible  and  grlatinize.i  with  HCl.  Uni- 
axial and  positive:  nj=i.7ii8.  np=i.f93i;  n^— -  B|,  =  o.oi87.  Colorless 
white,  greenish,  yellow,  apple  green,  flesh  red,  grayish  white,  yellowish 
brown.  Streak  colorless.  Colorless  in  thin  section,  A  variety  containing 
considerable  manganese  is  known  as  troostilc.  Found  in  zinc  tnines  with 
franklinite.  zincite.  smithsonite,  calcite;  also  with  mimetite  and   wulfenitc. 

Trimerite  [(Be,Mn,Ca)jSiO,]  is  related  to  phenacite  in  com- 
position, but  is  psetidoh  ex  agonal  (£-  =  0.723)  and  triclinic  with  a:b:c:: 
0.577: 1-0,542.  and  o  =  |8::^y  =  9o±.  Crystals  thick  tabular  prismatic, 
hexagonal.  Cleavage  distinct  ||  001  (or  0001).  H.  =  6.-7.  G.  =  3.47. 
Fusible  with  difliculty.  Soluble  in  HCl.  Acute  bisectrix  nearly  normal 
lo  001 :  optic  plane  makes  an  angle  of  about  ao"  with  1 10.  ( — )  aF  = 
83°  29';  n^=J.73$3.  11^  —  1.7202.  11^—1.7148;  "^ -— "y  =  0.0105.  Color 
pink,  lusler  vitreous.  Colorless  in  thin  section.  Found  in  calcite  in  a  man- 
ganese mine.     Very  rare, 

DiAc.  The  higher  relief  and  slightly  stronger  birefringence 
distinguish  phenacite  from  quart-?.  The  crystal  form  and  twinning  (and 
hardne.es)   also   serve  to  differentiate  il. 

PHILLIPSITE,  see  zeolite   group,     PHLOGOPITE,   see  mica 
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PHOSGENITE. 

Tetragonal  c  =  1.0876  (PbCl)XO, 

Phys.  Char.  Crystals  prismatic,  pyramidal  to  tabular.  Cleav- 
age distinct  ||  no  and  100,  less  distinct  ||  001.  H.  =  2.5-3.  G.  =  6.-6.3. 
Easily  fusible.     Effervesces  in  dilute  HNO^. 

Opt.  Prop.  Uniaxial  and  positive.  Refractive  indices  in  orange 
light,  11^  =  2.140,  «p  =  2.ii4;  n^ — «p  =  0.020.  Color  white,  gray,  yellow. 
Luster  adamantine.    Colorless  in  thin  section. 

Occur.  Found  in  lead  mines;  formed  by  sea  water  acting  on 
ancient  lead  slags  in  Greece.    Alters  to  cerussite.     Rare. 

PHOSPHOSIDERITE. 

Orthorhombic  a:b:c:: 0.533 :  i : 0.877  FePO^  -f  3^HjO 

Phys.  Char.  Crystals  prismatic,  rough.  Cleavage  perfect  || 
010.  H.  =  3.5-4.  G.  =  2.76.  Easily  fusible  to  magnetic  bead.  Soluble  in 
HCl. 

Opt.  Prop.  The  optic  plane  is  parallel  to  010;  the  acute  bisec- 
trix Z  is  normal  to  001.    Optic  angle  large ;  dispersion  p  >  v  strong. 

(+)  2£  =  i26*26'  (2^  =  62^*4') 

«m  =  1-7315 
Color  red  to  violet.     In  section  Z  colorless,  Y  carmine,  X  pale 
pink. 

Occur.    Found  in  cavities  in  iron  ore.     Very  rare. 

PICROMERITE. 

MoNocLiNic  a:b:c::  0.727 :  i :  0.490  K„Mg(SO  J„  +  6H„0 

M  «     2  2 

)3  =  75°i2' 

Phys.  Char.  Crystals  rare;  usually  in  crusts.  G.  =  2.1-2.2. 
Yields  water  at  low  temperature. 

Opt.  Prop.  The  optic  plane  is  parallel  to  010;  the  acute  bisec- 
trix Z  makes  an  angle  of  — 76°  with  c.  Dispersion  p  >  r.  2£  =  74°  2'. 
(2^  =  48**  21').  »ni=  1.470.     Color  white. 

Occur.  Found  as  a  product  of  action  of  volcanic  gases;  also 
in  some  salt  mines  with  kainite.     Very  rare. 

Cyanochroite  [Kj^Cu(SO^)2 -h6H20]  is  isomorphous  with 
picromerite,  with  a:b:  c::  0.748 :  i :  0.505  and  ^  =  75°  30'.  Usually  in 
crusts.  Optically  like  picromerite,  but  Zac= — 71°.  2£  =  76°  53'. 
(2^  =  48°  53').  «„,=  1.491-  Color  blue.  Found  with  picromerite  on  lavas. 
Very  rare. 

Boussingaultite  [(NH^)^Mg(SO^)^ -f-6H20]  is  isomorphous 
with  picromerite,  with  a:b:  c::  0.744 •  i  ' 0.486  and  ^  =  71°  50'.  Crystals 
prismatic.  G.=  1.^8-1.72.  Optic  plane  parallel  to  010;  acute  bisectrix 
nearly  parallel  to  a.  28  =  77°  2^\  «„=  14737.  Found  in  waters  con- 
taining borates,  and  about  fumaroles.     Very  rare. 

PIEDMONTITE.  see  cpidotc  group.  PIRSSONITE.  see  gay- 
lussite.  PISANITE,  see  melantcrite.  PLAGIOCLASE.  see  feldspar 
group.  PLATTNERITE.  sec  rutile  group.  POLIANITE,  see  rutile 
group.     POLLUCITE,  see  leucite. 
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POLYBASITE. 

Orthorhombic  a:b:c:: 0.579 :  i : 0.913  Ag^SbS^ 

CoMP.  Copper  commonly  replaces  some  silver;  arsenic  often 
present. 

Phys.  Char.  Crystals  six-sided  tabular  prisms.  Twinning  on 
no  common.  Cleavage  imperfect  ||  001.  H.  =  2.-3.  G.  =  6.0-6.2.  Fu- 
sible with  spurting  to  globule.    Decomposed  by  HNO^. 

Opt.  Prop.  The  optic  plane  is  parallel  to  100;  the  acute  bisec- 
trix X  is  normal  to  001.  Optic  angle  variable,  2£  =  62°-88°.  Color  iron 
black.    Streak  black.    In  thin  section  cherry  red. 

Occur.    Found  in  veins  with  silver  and  copper  ores. 

PREHNITE. 

Orthorhombic  a:b:c:: 0.840 :  i : 0.555  HjCa^Al^ (SiO^), 

Phys.  Char.  Crystals  rare;  tabular  ||  001,  prismatic  or  pyram- 
idal. Often  in  aggregates  of  tabular  crystals,  fan-shaped  or  sheaf-like. 
Also  globular,  reniform,  spherulitic.  Cleavage  distinct  ||  001.  very  diffi- 
cult 1 1  1 10.  H.  =  6.-6.5.  G.  =  2.80-2.95.  Fuses  at  2  with  intumescence 
to  a  blebby  enamel.     Slowly  soluble  in  HCl  without  gelatin izat ion. 

Opt.  Prop.  The  plane  of  the  optic  axes  is  parallel  to  010;  the 
positive  acute  bisectrix  is  normal  to  001.  The  relief  is  distinct,  and  high 
as  compared  with  other  minerals  originating  by 
alteration.  The  birefringence  is  strong.  The 
angle  of  the  optic  axes  is  large  and  somewhat 
variable.  The  axial  dispersion  is  weak  and  vari- 
able, usually  p^v. 

(+)   2^  =  66^-69**   (2£  =  i23*»±:) 
«g  =  1.649    n„  =  1.626    np  =  1. 616 


PREHNITE 


Wg  —  «p  =  0.033 


too 


white. 


Figure   1€4. 

Optical    orientation 

of   prehnHe. 


Color    pale   green,    apple   green,    gray, 
Colorless  in  thin  section. 

Optic  anomalies  are  not  uncommon  in 
prehnite.  Some  sections  show  fine  twinning  la- 
mellae like  those  of  microcline;  sections  parallel 
to  001  may  show  areas  with  twinning  lamellae 
parallel  and  normal  to  100,  having  parallel  ex- 
tinction, the  optic  plane  at  right  angles  in  the 
two  sets  of  lamellae,  the  optic  angle  very  small  and  the  interference  figure 
exhibiting  strong  crossed  dispersion;  other  areas  may  show  incomplete 
extinction  and  abnormal  interference  colors.  These  facts  suggest  that  the 
orthorhombic  form  may  be  due  to  microscopic  twinning  of  monclinic 
in<iividuals. 

Incl.  Prehnite  owes  its  green  color  largely  to  abundant  inclu- 
sions, irregularly  distributed,  of  chlorite.  Similarly,  limonite  may  give 
it  a  yellowish  tint.     Finally,  asbestos  occurs  enclosed  in  it. 

Alter.  The  chlorite  mentioned  above  may  at  times  be  an  al- 
teration product. 

Occur.     Prehnite  is  found  chiefly  in  cavities  in  basaltic  rocks 
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associated  with  zeolites,  datolite,  pectolite,  calcite.  It  is  also  found  in 
cavities  in  crystalline  schists,  in  crystalline  limestone,  and  dolomite,  and 
in  metalliferous  veins.  It  is  a  constituent  of  some  amphiboles  and  related 
rocks. 

DiAG.  Prehnite  is  distinguished  from  other  colorless  altera- 
tion products  by  its  high  refringence  and  strong  birefringence;  in  these 
respects  it  most  closely  resembles  thomsonite,  but  the  latter  is  nearly 
always  fibrous  with  elongation  of  variable  sign.  Pret^nite  is  distinguished 
from  andalusite,  topaz  and  wollastonite  by  stronger  birefringence,  and 
from  datolite  by  weaker  birefringence  and  opposite  sign. 

PROLECTITE,  see  humite  group.     PROSOPITE,  see  cryolite. 
PROUSTITE,  see  pyrargyrite. 

PSEUDOBROOKITE. 

Orthorhombic  a:  &:c::o.98i2:  1 : 1.1268  Fe^(TiO^)3? 

Phys.  Char.    Crystals  small  rectangular  tablets  flattened  par- 
allel to  100,  usually  striated  parallel  to  the  ver- 
tical  axis.       Cleavage   distinct    ||    010.     H.  =  6.    PStUOOBROOKITE 
G.  =  4.4-4.9.     Nearly  infusible.     Decomposed  by 
H,SO,. 

Opt.  Prop.  The  plane  of  the  optic  ax- 
es is  parallel  to  001.  The  positive  acute  bisec- 
trix is  normal  to  100.  Refringence  high.  Bire- 
fringence strong.  Optic  angle  large.  Distinct 
dispersion,  with  p  <  v. 

(+)    2//.  =  84°  30' 

Color  dark  brown  to  black,  nearly 
opaque.  Luster  adamantine  to  greasy.  In  very 
thin  sections  reddish  brown;  pleochroism  weak, 
with  maximum  absorption  parallel  to  Y. 

Occur.  Found  rarely  in  volcanic 
rocks  and  still  more  rarely  in  granitic  rocks. 

Diag.     Resembles  brookite  in  exterior 
characters,  but  may  be  distinguished  by  the  form,  the  solubility  in  sul- 
phuric acid,  the  larger  optic  angle  and  the  absence  of  marked  dispersion. 


OOf 


oto 


Figure    165. 

Optical   orientation    of 

pseudobrookite. 


PSEUDOMALACHITE. 

Triclinic?  a:  t:  c::  2.825: 1 : 1.534  (CuOH)3PO^  in  part 

0  =  89^30'  ^  =  91**!'  y  =  90°40' 

CoMP.  The  formula  is  doubtful  because  material  is  commonly 
massive  and  impure.  Three  species  are  sometimes  distinguished: — pseudo- 
malachite,  (CuOH)^PO^,  ehlite  Cu(CuOH)^(PO^)2  +  H^O,  and  dihy- 
drite  Cu(CuOH)^(PO^)2.  The  axial  ratio  given  above  belongs  to  dihy- 
drite,  which  alone  has  distinct  crystals. 

Phys.  Char.  Usually  massive,  reniform,  botryoidal,  with 
fibrous  or  lamellar  texture.  Cleavage  imperfect  1 1  010.  H.  =  4.5-5.  G.  = 
3.4-4^^.     Fusible  at  2  giving  green  flame  color.     Soluble  in  HNO,. 

Opt.  Prop.    In  dihydrite  the  acute  bisectrix  X  is  nearly  nor- 
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mal  to  loi  and  makes  an  angle  of  68°  with  a  normal  to  lOO;  the  obtuse 
bisectrix  makes  an  angle  of  about  5°  with  a  normal  to  010.  Birefringence 
strong.  2£  =  g5°.  Color  emerald  green,  blackish  green.  Streak  paler. 
Luster  vitreous.  In  thin  section  distinctly  pleochrcic  with  Z  deep  bluish 
green,  Y  yellowish  green,  X  bluish  green. 

Occur.     Found  in  copper  veins  in  slate.     Rare. 

PYRARGYRITE. 

RlIOMBOIIEDR.^L  C  =  O.789  Ag^SbS- 

Phys.  Char.  Crystals  commonly  prismatic  and  hemi- 
morphic;  twinning  on  T120  common  with  0001  as  composition 
face;  twinning  common  on  101*4  either  as  simple  or  multiple 
twins  ;  twinning  on  101 1  uncommon.  Massive,  compact.  Cleav- 
age distinct  ||  1011,  indistinct  !|  01  f 2.  H.  =  2.5.  G.  =  5.77- 
5.86.  Inisible  with  spurting.  Decomposed  by  HNO3,  but  only 
partly  soluble. 

Opt.  Prop.  Uniaxial  and  negative.  Refringence  ex- 
tremely high,  birefringence  extremely  strong. 

;/.  =  3.084    Up  =  2.881 
;Zg  —  «p  =  0.203 

Color  black  to  grayish  black.  Streak  purplish  red.  Lu*^- 
ter  metallic  adamantine.     In  thin  section  red. 

Occur.  Found  in  veins  with  other  silver  ores  and  with 
galena,  sphalerite,  tetrahedrite,  etc. 

Proustite  (Ag^AsS^)  is  isomorphous  with  pyrargyrite. 
A'ith  c  —  0.804.  Crystals  often  acute  rhombohedral.  Cleavage 
distinct  ||  loTi.  11  =  2.-2.5.  G- ^==  5-57"5'^4-  Easily  fusible. 
Decomposed  by  UNO;,.  Uniaxial  and  negative;  «g  =  3.0877. 
Uj,  —.  2.7923,  Hr,  —  ;/p  =  0.2953.  Color  scarlet  to  aurora  l*ed.  Lus- 
ter adamantine.  In  thin  section  bright  red.  Occurs  with  pyrar- 
gyrite. 

Pyrostilpnitc  (AK.,SbS.j)  has  the  composition  of  pyrargyrite. 
f)ut  is  nionoclinic  with  0  :  6  :  c  : :  1.947  :  I  :  1.097  a"d  j8  =  90''=t.  Crystals 
long  prismatic  often  in  tufts.  Cleavage  perfect  ||  010.  H.  :=2.  G.  = 
4.25.  Fxtinction  angle  on  010  8°  to  11°  from  c.  Color  hyacinth  red. 
jH)nnd  with  pyrargyrite.     Very  rare. 

Xahthoconite  (Ag...^sSJ  has  the  composition  of  proiistite, 
hut  a  form  like  the  preceding  with  a : /? :  r : :  1.919:  1 :  1.015  and  ff=.g\° 
l^.  Cry-<tals  ])yrami(lal.  Cleavage  distinct  ||  001.  H.  =  2.-3.  G.  =  5.54. 
Optic  plane  normal  to  010:  acute  bisectrix  X  nearly  normal  to  ooi.  2E=- 
125^  ±:.  Dispersion  p  <  ^'.  Color  orange  to  reddish  brpwn.  Streak 
r)range  yellow.  Lemon  yellow  in  section.  Found  with  silver  ores.  Very 
rare. 
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PYRITE. 


Isometric.  .  FeS, 

Phys.  Char.  Crystals  commonly  cubes,  pyritohedrons 
or  octahedrons;  faces  often  striated  parallel  to  the  edge  100A210. 
Also  massive,  fine  granular,  radiated,  etc.  Twinning  usually  by 
penetration  with  a  as  the  twinning  axis.  Cleavage  indistinct 
I!  100  and  III.  Opaque.  H  =  6.-6.5.  G.  =4.95-5.1.  In  the 
closed  tube  gives  a  sulphur  sublimate  and  a  magnetic  residue. 
Burns  with  a  blue  flame.  Insoluble  in  HCl;  decomposed  by 
HNO^. 

OrT.  Prop.  Opaque.  In  reflected  light  pale  brass  yel- 
low color  and  brilliant  metallic  luster.  Streak  greenish  black. 
Polishes  with  difficulty  and  in  relief  on  account  of  the  hardness. 

Alter.  Pyrite  alters  in  nature  quite  readily:  the  pro- 
cess may  be  one  chiefly  of  oxidation,  or  it  may  be  largely  hydra- 
tion. In  the  first  case  the  product  is  hematite,  or,  more  common- 
ly, limonite  or  gothite.  In  the  second  case  the  product  is  chiefly 
melanterite,  sometimes  mixed  with  copiapite,  gypsum,  halotri- 
chite,  etc.  The  alteration  of  pyrite  usually  results  not  only  in 
the  formation  of  new  iron  minerals,  but  also  in  the  production 
of  free  sulphuric  acid;  therefore,  altered  pyrite  is  often  accom- 
panied by  various  other  sulphates  formed  by  the  action  of  this 
free  acid  on  surrounding  minerals.  Gypsum  is  very  commonly 
produced  in  this  way;  in  other  cases  the  product  may  be  aluno- 
gen,  halotrichite,  or  still  other  sulphates. 

Occur.  Pyrite  occurs  under  many  varying  conditions: 
it  is  one  of  the  most  widely  distributed  of  minerals.  Thus,  it  is 
found  in  many  igneous  rocks,  usually  in  very  small  amount;  it 
occurs  in  various  metamorphic  rocks  like^vise  in  small  amount: 
it  IS  found  in  some  purely  sedimentary  rocks,  in  some  cases  being 
evidently  of  contemporaneous  origin,  but  more  frequently  being 
deposited  in  the  rock  at  a  later  date;  finally,  it  is  found  often  in 
abundance  in  many  ore  deposits,  and  hot  spring  deposits. 

Smaltite  (CoAs^)  and  chloanthite  (NiAs^)  are  isomorphous 
with  pyrite.  Cleavage  distinct  parallel  iii,  in  traces  ||  100.  H.  =  5.5-6. 
G.  =  6.4-6.6.  Fusible  to  a  globule.  Opaque.  Color  tin  white  to  steel  gray. 
Streak  grayish  black.  Luster  metallic.  Alters  to  erythrite.  Found  in 
veins  and  ore  deposits. 

Cobaltite  (CoAsS)  belongs  to  the  same  group.  Crystal  cube.s. 
pyritohedrons,  or  modified.  Massive.  Cleavage  distinct  ||  100.  H.  =  5.5. 
G.  =  6.-6.3.  Fusible  to  magnetic  globule.  Soluble  in  HNO.j.  Opaque. 
Color   silver  white   to   dark   grayish,   always   tinged    with    red   or   violet.. 


I 


i2  OPTICAL   MINERALOGY. 

Ireak  grajrish  bUck.    Luster  metallic.     Found  in  ore  deparits.    tTnccMn- 

DiAG.  Pyrite  is  distinguished  from  many  opaque  min- 
erals by  tlic  pale  brass  yellow  color  and  metallic  luster;  distin- 
guished from  chalcopyrite  by  paler  color  and  greater  hardness. 
giving  poorer  polish,  Pyrrhotite  has  a  pale  bronze  yellow  color, 
is  softer  than  pyrite.  and  is  readily  atlaekud  by  HO,  which  pyrite  - 

resists.     Difficult  to  distinguish  from  niarcasite  in  the  absence  of  a 

crystal  form,  but  marcasitc  has  a  slightly  ]»aler  color,  a  lower         -^ 
density,  and  alters  more  readily.  ^^ 

Pyrochlore  Group.  ^| 

IsuUGTSiC  Niobates  and  tanulatc       m 

CoMP.     The  composilion  of  these  minerals  is  lt)0  comiilex  anJ  M^x 

imperfectly    known   to   jjerniit    writiiiK    definite   formulas.      Pyrochlore   a  ^kj 

diiefly  a  niobalc  of  the  cerium  tnelals,  calcium,  etc..  with  titanium,  thor- 

rum,  and  flitorlnc ;  koppitt  is  cias«ntially  n  pyraniuUtte  uf  cerium,  calcium.  .„,  ■. 

etc. ;  hatchehotitf  is  a  hydrous  lantAlo-niobate  of  uranium,  calcium,  etc :  ^  : 

fyrrhUe  (also  called  microlite)   is  cssMUially  a  pyrolartalatc  of  calcium  «-  r 
with  some  niobium :  dytanaiile  is  a  tltan»-niobnlc  of  calcium,  iron,  etc. 

Phvs,    Chaii.     Commonly   in   octahedrons   or   grains,   or   cubei  -^^ 

idytanalilc) ,  or  dodecahedron^   (koppile).    Ocavagc  absent  or  indisiinc.  ^:^ 

II  too  idysonalile)  or  ||  lit  {pyrothtort) .    H.  =  5-6-    G,  =  4-'J  lUyjau-    

atile),  4.3-4.3t>  Ipyroehlore) .  4.45-4.36  ikappUi).  4.77-4.90  {hatc>umlUe1.  ^^ 

S.1-5.4  (pyrrhile'}.     Lifusible,  or  difiicuUly  futible.     Decomposed  by  »ul-  — 

OiT.  Pbop.  These  minerals  all  have  a  very  high  index  of  re- 
fraction aiid  sIhjw  shagreen  surfaces  resemhiing  that  of  titanite.  Pyroehlort — 
is  reddish  brown  to  golden  yellow  in  trar^mitlcd  light,  usually  completely 
isotropic:  koppite  is  red  to  brown  in  section  and  isotropic;  hatckettolile  is- 
brown  to  yellow  and  isotropic;  pyrrhile  is  orange  yellow  to  red  in  trans- 
mitted light  and  hyacinth  red  in  reflected  light,  and  isotropic ;  dyiantditr 
is  iron  black  with  submetallic  luster  and  opaque. 

In  mass  the  color  is  brown  in  pyrochlore,  hyacinth  red  in  py- 
rhitt,  clear  brown  in  koppite,  and  opaque  black  m  dysanalite.  Pyrochlore 
aho  occnrs  in  crystals  or   grains  with   varying  color — in   zones  of  yellow 

Occur.  Found  in  nephelile  syenite  and  alkaline  granite,  in 
pegmatite  veins  and  in  crystalline  limestones.     Very  rare. 

PYROCHROITE,  see  brucile.  PYROMORPHITE,  see  apatitt 
group.  PYROPE,  see  garnet  group.  PYROPHANITE,  see  ilmenite 
group. 


PYROPHYLLITE. 


Axial  ratio  unknown  H^.-M^Si^O,, 

Unknown  in  crystal* ;  occurs  in  lamellar  masses. 
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Figure  166. 

Optical    orientatiun    of 

pyrophylllte. 


sometimes  radiated  or  fibrous.    Also  found  in   PYROPH  YLLI  TEL 

cryptocrystalline  masses  resembling  talc.  Cleav- 
age perfect  ||  001,  giving  flexible  but  inelastic 
lamellae.  H.  =  1.-1.5.  G.  =  2.77-2.9.  Difficult- 
ly fusible,  often  after  much  increase  in  volume. 
Partly  decomposed  by  sulphuric  acid. 

Opt.  Prop.  The  plane  of  the  optic 
axes  and  the  negative  acute  bisectrix  are  sens- 
ibly normal  to  001 ;  relief  distinct ;  birefrin- 
gence strong;  optic  angle  large.  Dispersion 
f)  >  t^  weak. 

(— )   2£=i05*'-iio*'    (2F  =  62°±) 

n=  1.58 
fig  — Mp  =  0.041 

Colorless,  white,  yellowish,  green- 
ish.    Colorless  in  thin  section. 

Occur.  Found  in  some  schistose 
rocks,  occasionally  making  up  the  mass  of  the 
rock.     Sometimes  used  to  make  slate  pencils. 

DiAG.     Distinguished  from  talc  and 
muscovite  by  the  large  angle  of  the  optic  axes;  distihguished  from  kaolinilc 
by  much  stronger  birefringence. 

Pyroxene  Group. 

The  minerals  of  the  pyroxene  group  are  very  closely 
related  in  crystallographic  and  other  physical  characters,  as  well 
as  in  optical  characters  and  chemical  composition,  although  they 
crystallize  in  three  diflFerent  systems  (orthorhombic,  monoclinic 
and  triclinic).  In  all  of  them  the  fundamental  and  common  form 
is  a  prism  whose  inter  facial  angles  are  about  87**  and  93°,  while 
parallel  to  both  prism  faces  cleavages  occur,  which  are  distinct 
in  all  species.  Chemically,  the  pyroxenes  are  metasilicates  of 
calcium,  magnesium  or  iron,  or  more  complex  silicates  often 
containing  two  or  more  bases,  both  bivalent  and  trivalent. 

Phys.  Char.  The  pyroxenes  commonly  crystallize  in 
prismatic  forms,  long  or  short.  They  have  two  good  cleavages 
parallel  to  no:  and  twinning,  when  present,  usually  has  100.  as 
the  twinning  plane.  H.  =  5.-7.  G.  =  2.8-3.7.  Fusibility  2  -6. 
Insoluble,  partly  soluble,  or  soluble  with  gelatinization  in  acids. 

Opt.  Prop.  The  plane  of  the  optic  axes  is  parallel  to 
010  in  the  orthorhombic  and  monoclinic  pyroxenes :  the  acute 
bisectrix  is  usually  positive,  and  in  the  monoclinic  pyroxenes 
makes  a  variable  angle  with  the  vertical  axes  in  the  obtuse  angle 
loOAOOi.  See  figure  167.  These  pyroxenes  are  sometimes  elon- 
gated parallel  to  r,  sometimes  flattened  parallel  to   100.     When 
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parting  occurs  it  is  parallel  to  loo  or  ooi.  The  relief  is  always 
(|iiitc  distinct,  and  the  birefringence  varies  from  0.009  '"  enstatite 
to  o.02(j  ill  diopside  and  0.052  in  acmite.  The  angle  of  the  optic 
axes  is  u.'snally  large  (54°  to  90°),  hut  rarely  it  is  very  small. 

Color  black,  green,  brown,  yellow,  white,  blue.  In  thin 
section  usually  pale  to  colorless,  with  pleochroisni  weak  or  ab- 
sent.    But  soda  pyroxenes  have  a  distinct  green  color  and  p!e- 

.Vr.TKR.  Pyroxenes  alter  quite  readily,  especially  to  am- 
phibolfs.  This,  and  other  modes  of  alteration,  will  be  described 
under  the  various  species. 

Occi'R.  Pyroxenes  are  essential  constituents  of  many 
igneous   rocks,   and   occur  in    nearly  all    such    rocks.      They   are 
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also    found   in   various   metamorphic    rocks,   both    regional    and 
contact,  and  in  meteorites. 

DiAG.     The  pyroxenes  may  be  distinguished  from  am- 
phiboles  as  follows: — 


Pyroxenes 
Cleavage  angle  about  93° 
Maximum    extinction    angle    o°- 

95°.   (Common  species  30° -54**) 
Most  species  positive 
Color     and     pleochroism     usually 

weak. 
Crystals    usually    short    prismatic. 

Alter     to  amphiboles,  etc. 


Amphiboles 
Cleavage  angle  about  124° 
Maximum  extinction  angle  o°-25** 

(Except  arfvedsonite,  etc.) 
Most  species  negative 
Color  and  pleochroism  usually  in- 
tense. 
Crystals  usually  long  prismatic  to 

fibrous. 
Alter     to  chlorite,  etc.      (Change 
to  pyroxene  only  through  meta- 


Enstatite 
Bronzite 
Hypersthenc 


Diopside 

Hedenbergite 

Augite 

Spodumene 

Acmite 

Jadcite 


morphism) . 

The  pyroxenes  may  be  classified  as  follows: 

Orthorhombic 

a:b:  c        or  a:b:  c* 

0.9702 :  1 :  0.5710  1.0307 :  i :  0.5885 


0.9713  :  1 : 0.5704  1.0319 '  1 :  0.5872 

MONOCLINIC 

a:  b:  c 

P  =  74"  35' 
i3=74"io' 


MgSiO. 
(Mg.Fe)SiO, 
(Fe.Mg)Si03 


1. 0913:  1 10.5895 
1. 091 2:  1 : 0.5843 
1. 0921: 1:0.5893 


1.1238:  1:0.6355 
1.0996:  1 : 0.6012 


)8  =  69"4o' 
=  73^11' 


CaMg(Si03), 

aFe(Si03). 

mCa(Mg,Fe;  (SiO,); 

+  n(Mg,Fe)(Al,Fe),SiO^ 

LiAKSiO,). 

NaFeCSiO;); 

NaAUSiO^). 


Rhodonite 
Babingtcnite 


MnSiO 


Triclinic 
a:b:  c::  1.0729 :  i : 0.6213 
a  =  103'*  18'  p  =  108°  44'  y  =  81"  39' 
a:b:  c::  1.0691 :  i : 0.6308  fH(Ca.Fe.Mji)SiO.^  +  «Fe.,(Si03).j 

a  =  104**  21'  p  =  108"  31'  y  =  83°  34' 

Kiortdahlite  a:b:  c::  1.0583  :  i  :  0.7048  (Na^,Ca)Fe[  (Si.Zr)03]., 

a  =  90**  29'  p=  ic8°  49'  y  =  90°  8' 

It  is  to  be  noted  that  pectolite  and  wollastonite  are  some- 
times included  with  the  monoclinic  pyroxenes,  but  they  differ 
from  the  latter  in  axial  ratio,  in  cleavage,  and  in  optical  orienta- 
tion :  by  Lacroix  they  are  grouped  with  Ifivenite,  mosandrite, 
johnstrupite,  rinkite,  rosenbuschite,  and  wohlerite  in  an  "annex" 
to  the  monoclinic  pyroxenes. 


•  The  second  set  of  axial  ratios  reverses  the  rule  for  orthorhombic  crys- 
tals and  makes  the  a  axis  the  lonKcr  lateral  axis,  but  It  thereby  brings  out 
clearly  the  close  relation  In  form  between  these  minerals  and  the  other 
species  of  the  pyroxene  group. 
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ENSTATITE. 


Orthoriiombic  mb:  c::  0.9702;  1 : 0.5710  MgSiO, 

(or  a:b\c::  1.0307: 1:0.5885) 

PnYS.  CiiAB.  Distinct  crystals  rare,  prismatic.  Usual- 
ly massive,  fibrous  or  lamellar.  Twins  rare;  twinning  plane 
cither  014  or  lor.  Cleavag^e  distinct  ||  110.  parting  often  dis- 
tinct II  010,  less  CGmmonly  ||  100,  rarely  ||  001.  Enstatite  rare- 
ly occurs  wholly  free  from  iron:  varielics  containing  less  than 
5%  FeO  are  called  enstatite,  from  ^%  to  14%  bronzite,  and 
more  than  14%  hypersthene.  II.  —  5.5.  G.  =  3-1-3.3-  Fusible 
al  6.     Insoluble  in  HCl. 

Opt.  Prop.  The  plane  of  the  optic  axes  is  parallel  to 
010;  the  positive  acute  bisectrix  is  normal  to  001.  The  refrin- 
gence  and  birefringence  increase  with  the  increase  in  the  per- 

CMSTATITt  BRONZITE 


1,1. 

-TV 
^1 

ft 

ll 

•1  " 

'      1 

1«9. 


PiBUl 
Optical 

Uon  of  enstatWe,  tlon  o( 

centage  of  iron  present.     The  optic  angle  about  Z  also  becomes 
larger  with  the  increase  of  iron.    Dispersion  p  <v  weak. 

Enstalite  2.76%  FeO        Bronzite   10%   FeO    Hypersthene  22.6%    FeO 
t)   2K  =  90°  about  (— )    2F  =  72°l6' 


{-!-)    If' =  69"  42' 
«,=  1.66s 
«„=  1.659 
n„  =  1.656 


Kg  =  I.7OS 

—  1.685  about  «„=  1.702 

»,=  1.692 

"i ~  "p  ~  '*°'^  "«""»  =  0.013 

Color  white,  gray,  yellow,  brown,  olive  green;  the  dark- 
er colors  belong  to  varieties  containing  more  iron  (bronzite). 
Enstatite  is  colorless  in  thin  section;  bronzite  is  colorless  or  near- 
ly so;  but  in  thick  sections  (about  i  mm.)  bronzite  is  pleochroic, 
with  Z  =  bright  green,  Y=  brownish  yellow,  X  =:^  pale  yellow. 
Incl.  Often  contain  gaseous  or  liquid  inclusions  which 
may  be  elongated  parallel  to  the  vertical  axis  of  the  pyroxene; 
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also  vitreous  inclusions,  and  inclusions  of  various  other  minerals, 
such  as  magnetite,  apatite,  etc.  Bronzite  also  often  contains  in- 
clusions regularly  arranged  which  give  it  a  submetallic  bronze- 
like luster.     See  hypersthene  for  further  description. 

Alter.  Enstatite  alters  frequently  through  ordinary 
vveatnering  to  a  variety  of  serpentine  called  bastite.  Bastite  is 
geometrically  oriented  on  the  altered  pyroxene,  and  one  crystal 
of  bastite  replaces  a  crystal  of  enstatite^  The  trace  of  easy  cleav- 
age of  the  two  minerals  is  in  the  same  direction,  but  the  optic 
properties  are  different,  the  cleavage  being  parallel  to  the  trace 
of  the  optic  plane  in  the  pyroxene  and  perpendicular  to  it  and 
to  the  negative  acute  bisectrix  in  bastite.  The  refringence  (1.5- 
1.6)  of  bastite  is  much  less  than  that  of  enstatite.  The  bire- 
fringence is  we^k.  The  optic  plane  is  parallel  to  010;  the  posi- 
tive acute  bisectrix  is  normal  to  001,  (cleavage  ||  100).  The 
optic  angle  is  variable  (2^=20°  to  nearly  90°).  Dispersion 
p  >  v.  Pleochroism  weak  in  thick  sections.  In  mass  green  or 
yellow  with  bronze-like  luster. 

Enstatite  is  much  less  commonly  altered  to  uralite  (va- 
riety of  hornblende)  than  are  the  monoclinic  pyroxenes.  Its 
rarity  is  perhaps  to  be  explained  by  the  absence  of  alumina  in 
enstatite;  the  fact  that  it  occurs  sometimes  is  in  harmony  with 
the  fact  that  alumina  (even  5%)  sometimes  occurs  in  enstatite. 

Enstatite  occurs  rarely  partly  altered  to  talc;  also  to 
serpentine  other  than  bastite;  by  fusion  and  recrystallization  in 
nature  it  usually  changes  to  augite. 

Occur.  Enstatite  is  a  common  constituent  of  many 
basic  igneous  rocks,  as  well  as  of  serpentine*  rocks  derived  from 
them.  It  is  also  found  in  rocks  produced  by  endopiorphism ;  it 
is  found  in  crystalline  schists.  Finally,  it  is  an  important  constit- 
uent of  many  meteorites. 

DiAG.  Distinguished  from  hypersthene  by  optic  sign 
and  absence  of  distinct  color  and  pleochroism ;  distinguished  from 
monoclinic  pyroxenes  by  parallel  extinction  on  vertical  sections 
and  other  characters  resulting  from  orthorhombic  symmetry. 

HYPERSTHENE. 

Orthorhombic         a:  6:  c::  0.9713:  1:0.5704         (Mg,Fe)Si03 

or  a:b:c::  1.0307 :  i :  0.5872 
Phys.  Char.     Distinct  crystals  rare,  of  prismatic  habit, 
usually  elongated  ||  c;  sometimes  flattened  ||  100  or  010.    Usual- 
ly massive  in  lamellae   (common   in  peridotites.  etc.)    or  cyclic 
forms;  twins  rare  in  stellate  forms  with  loi  as  twinning  plane. 
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Qeavage  distinct  ||  no; parting  ||  oio 
usually  very  distinct  in  fine  lines : 
rarely  II  loO.  H.  ^  5.-6.  G.  ^  3.3 - 
3.5.  Fusibility  increases  with  increase 
of  iron  content ;  fusible  to  black  enam- 
el.    Partly  decomposed  in  HCI. 

Opt,  Prop.  The  plane  of 
the  optic  axes  is  parallel  to  010;  the 
negative  acute  bisectrix  is  normal  to      fiBnr*  no,     •*  >Tj-Krni  rorm 

"  ill    hypers  III  em-. 

100,     The   rcfringence   and   birefrin- 
gence increase  with  the  increase  in  the  percentage  of  iron  present. 
The  optic  angle  about  X  becomes  smaller  with  the  increase  of 
iron.  /Dispersion  p>  v  rfeak. 
%FeO  =  i5.i     %7iO  =  22.f'    '>iFeO=28.4 
(— )  2K  =  8i°46'        72"  16'       JO"  24' 


HVPERSTHCNE. 


"a.  =  '^5 


1.693 


O.OIS  " 


Figure 


Color  dark  brown,  grayish  black, 
brown,  yellowish  brown.  Luster  often  sub-  ^^ 
metallic,  and  bronze-like  on  010.  In  thin 
section  color  clear  reddish  or  greenish  with 
distinct  pleochroisni.  The  intensity  of  color 
or  pleochroism  increases  with  increase  of  iron. 
Absorption  formula  X  >  Y  >  Z.  Pleochroic 
colors,   in   thin   section    from   various   occur-  optical 

rences : —  hyperBtHene. 

Z  =  bright  green  pale  green  bottle  green 

Y  =  yellowish  brown       pate  yellow         clear  red 
X  —  clear  red  reddish  yellow  brownish  red 

Incl.  Besides  gaseous,  liquid,  and  vitreous  inclusions 
similar  to  those  found  in  enstatite,  hypersthene  often  contains 
reddish  brown  inclusions  regularly  arranged  which  give  it  a  pe- 
culiar submctallic,  bronze-like  luster.  These  inclusions  consist  of 
lamellje  lying  in  010  elongated  either  parallel  or  perpendicular 
to  the  vertical  axis  (less  commonly  making  an  angle  of  30°  with 
this  axis).  They  are  often  approximately  rectangidar  in  outline  in 
sections  parallel  to  010.  They  are  supposed  to  be  inclusions  of 
ilmenite,  cither  primary  or  produced  when  under  pressure  at 
depth  by  circulating  waters  acting  along  an  easy  cleavage  or 
parting  plane. 

.Alter.  Hypersthene  alters  readily  to  bastile  (see  en- 
statite), less  commonly  to-uralUe  (variety  of  hornblende),  to  talc. 
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or  rarely,  to  anthophyllite.     By  fusion  and   recrystallization   in 
nature  it  is  usually  changed  to  augite. 

Occur.  Hypersthene  with  plagioclase  makes  up  a  large 
part  of  several  granitoid  basic  igneous  rocks,  such  as  norites. 
It  is  also  abundant  in  some  andesites,  less  common  in  peridotites 
and  pyroxenites ;  and  found  also  in  meteorites. 

Hypersthene- )S  is  an  abnormal  variety  recently  described  by 
Lacroix.  It  has  the  same  refringence  as  the  normal  variety  with  which 
it  is  intergrown,  but  it  has  the  optic  plane  parallel  to  001,  and  therefore 
the  elongation  is  it ;  the  optic  angle  is  large.  A  zone  containing  both 
varieties  is  isotropic     Found  in  basic  volcanic  rocks.     Very   rare. 

DiAG.  Distinguished  from  enstatite  by  the  optic  sign 
and  the  distinct  color  and  pleochroism ;  distinguished  from  mono- 
clinic  pyroxenes  by  parallel  extinction  in  vertical  sections,  and 
other  characters  resulting  from  the  orthorhombic  symmetry. 

DIOPSIDE  and  HEDENBERGITE. 

Mono,   a:  fc:  c::  1.0913:  i  10.5895   CaMg(Si03)o  to  CaFc(Si03)2 

^  =  74^9' 
Phys.  Char.  Hedenbergite  has  an  axial  ratio  prac- 
tically the  same  as  that  given  above  for  diopside,  although  iron 
replaces  magnesium  in  the  formula.  Crystals  usually  short  thick 
prisms  with  100  and  010,  or  with  iii,  and  the  pinacoids  absent 
or  present.  Often  coarsely  lamellar;  rarely  granular  or  fibrous. 
Twinning  common ;  the  twinning  plane  often  j  |  100  giving  poly- 
synthetic  lamellae  and  secondary  parting;  also  less  often  ||  001 
yielding  very  fine  twinning  lamellae  and  parting ;  these  latter  can 
be  produced  artificially  by  pressure.  Cleavage  always  distinct 
jl  no;  parting  frequent  ||  100  (well  developed  in  the  variety 
dicUlage)  ;  sometimes  1 1  010 ;  also  1 1  001  when  twinning  is  pres- 
ent in  this  direction.  H.  =  5.-6.  G.  =  3.1-34  (diopside)  ;  34-3.7 

(hedenbergite.     Fusibility  3.5  to  nearly  4   (diopside),  2.5   (he- 
denbergite)   decreasing  with  percentage  of   iron.     Insoluble   in 

HQ,  only  slowly  soluble  in  hydrofluoric  acid;  much  more  easily 
attacked  by  HF  than  the  orthorhombic  pyroxenes. 

Opt.  Prop.  The  plane  of  the  optic  axes  is  parallel  to 
010 ;  the  positive  acute  Bisectrix  lies  in  the  acute  angle  p  making 
an  angle  with  the  vertical  axis  (trace  of  the  cleavage  in  vertical 
sections)  which  increases  wth  the  amount  of  iron  present.  Fur- 
ther, the  refringence  varies  in  the  same  way  from  1.68  to  1.73 
with  increasing  iron,  and  the  angle  of  the  optic  axes  follows  the 
same  law,  but  the  variation  is  small.     Finally,  the  birefringence 
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D10PSI0E.  HEOE.NBEHGITE 


FlKurc    i;!. 

OpiluiT    (irtviiu 

ol  cJlop«lde. 


1  percentage. 


Flnuri*    US, 
Iiedcnbeifiltr. 

This  is  sliDwn 


decreases  with  the  increase  in  i 
in  the  following  table, 

Diop&idc  Salitt  Hcder.bergilf 

291^  KcO  I7..W»  FcO  26.20%  FeO     ' 

(+)  3y=    59"  60"  60" 

ti,=  i.7(Ki6  i.7a?i  1.7506 

H„=i.e79B  1.7057  1.7366 

np=  1,6727  ■  1, 6086  1.7330 

n^— ii^  =  oxra99  o.oaSs  0.0186 

Z  A  c=      j8'  4$°  4^' 

Dispersion  weak  with  p  >  v;  distinct  inclined  dispersion 
of  the  bisectrices  with  the  extinction  angle  greater  (by  6'  to  12') 
for  red  than  for  violet. 

Color  green,  from  nearly  colorless  to  greenish  black; 
also  brown  (diallage)  ;  in  thin  section,  color  and  pleochroism 
become  distinct  with  considerable  iron  present;  diopside  is  usual- 
ly colorless  in  thin  section;  hedenbergite  isgreen,  and  diallage 
(often  a  variety  of  diopside  with  considerable  iron)  is  green  to 
■  brown.  The  pleochroic  formulas  for  colored  varieties  are: 
Hcdenbergite  Diallage' 

Z  —  dark  green  greenish 

X  =  yellowish  green  greenish 

y  —  pale  green  brownish  or  reddish  brown 

Incl.  Gaseous,  liquid,  and  vitreous,  inclusions  some- 
times occur  arranged  in  zones.  DialJ^e  has  inclusions  wholly 
like  those  of  hypersthene  and  bronzite,  yielding  a  bronze-like 
luster. 

.Alter..  Diopside  alters  in  many  .different  ways;  one  of 
the  commonest  is  the  change  to  serpentine  (antigorite).  or  to  an 
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aggregate  of  serpentine  and  chlorite,  which  often  contains  calcite 
and  quartz,  as  well  as  grains  of  epidote.  Another  common  alter- 
ation product  is  actinolite  (or  hornblende).  This  may  be  pro- 
duced either  by  the  alteration  of  one  crystal  of  diopside  to  a  single 
crystal  of  actinolite,  or  to  a  fibrous  mass  of  amphibole.  It  may 
proceed  by  alteration  around  the  periphery,  or  by  attacking  the 
diopside  along  cleavage  lines.  The  green  diopside  of  eclogite 
(called  omphacite)  alters  similarly  to  a  dark  green  hornblende 
called  smaragdite.  Other  alteration  products  include  biotite,  feld- 
spar, talc,  calcite,  quartz,  opal,  etc.  When  fused  and  recrystal- 
lized  in  nature  augite  usually  results,  sometimes  with  olivine  and 
magnetite. 

Occur.  Diopside  is  an  important  constituent  of  some 
igneous  rocks,  such  as  pyroxene  granite,  diorite,  certain  rhyolites, 
syenites,  pyroxenites,  etc.  It  is  abundant  in  some  rocks  produced 
by  metamorphism,  either  regional  or  contact ;  it  is  in  certain  vari- 
eties an  important  element  of  some  crystalline  schists.  Finally, 
it  is  found  sparsely  in  some  meteorites,  and  in  some  slags. 

Varieties.  Diopside  proper  corresponds  very  nearly  to 
the  formula  CaMg(Si03)2,  and  contains  very  little  iron  or  alu- 
mina. Salite  is  a  variety  rich  in  iron  (FeO)  replacing  magne- 
sium, and  thus  furnishes  a  transition  to  hedenhergitc,  CaFe- 
(SiO.Os.  Schefferite  is  a  variety  containing  6%  to  8%  MnO;  the 
extinction  angle,  Zac,  varies  from  44°  to  69 ^^  and  2^  =  65**; 
pleochroism  weak  in  reddish  yellow  and  brown  tints.  Jcffcrson- 
ite  is  a  variety  containing  about  10%  each  of  MnO  and  ZnO; 
the  extinction  angle,  Z  a  r  is  53J^°  and  2//  =  84^/1*. 

Pfgeonite«  The  preceding  varieties  involve  essentially 
a  decrease  in  magnesium  and  no  important  change  in  calcium 
content.  Pigeonite*  is  a  variety  with  decreased  calcium  (only 
8%  to  10%  CaO)  and  considerable  magnesium  and  iron ;  it  is  op- 
tically remarkable  by  reason  of  its  variable,  but  small,  optic  angle. 
Thus,  while  2E  =  110°,  or  more,  in  the  preceding  varieties,  and 
also  in  augite,  and  is  essentially  constant,  the  value  of  2E  in  pig- 
conite  equals  only  13°  to  67°,  and  is  conspicuously  variable,  even 
in  a  single  occurrence.  (This  variety  is  called  magnesiumdiop- 
side  by  Rosenbusch  in  the  1905  edition  of  his  Mikroskopische 
Physiographic;  this  name  is  apparently  an  unfortunate  selection, 
since  the  characteristic  of  the  composition  seems  to  be  not  in- 
creased magnesium  but  decreased  calcium,  often  replaced  by  FeO. 


•  See  A.  N.  Wlnchell,  Amer.  Ocol.  Vol.  XXVI.  1900.  pp.  199-204. 
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and  als^;  because  this  name  has  been  previously  used  for  a  pyrox- 
ene of  different  character  found  in  meteorites).  The  extinction 
angle  Zac  is  perhaps  equally  variable  with  the  optic  angle.  It 
has  been  reiK)rted  as  7^°,  30°  and  44°.  The  mineral  sometimes 
has  a  parting  ||  001,  or,  more  rarely,  ||  100;  polysynthetic  twin- 
ning occurs  II  100.  The  refringence  is  high  as  in  other  pyrox- 
enes, with  Wg  =  1.71 1,  "m  =  1.691,  np  =  1.690;  fig  —  nm=  0.022 
to  0.020,  n„t  --  tip  =  o.ooi  to  0.004,  Wg  —  np  =  0.021  to  0.023.  The 
color  is  variable  from  colorless  to  pale  green  and  pink,  w^ith  Z 
pale  green,  Y  pale  yellowish  green,  X  pink  or  flesh  colored, 
i^mmd  in  diabase,  gabbro,  etc.  in  widely  separated  localities. 

W.  Walil*  (Tsch.  Min.  Pet.  Mitt.  Bd.  XXVI.  p.  1-131.  1907; 
considers  that  the  existence  of  pyroxenes  of  small  optic  angle  is  due  to  the 
existence  of  two  end  compounds  (monoclinic  MgSiO„  and  FeSiO„)  in 
which  the  optic  plane  is  normal  to  010,  an-d  the  optic  angle  is  large.  He 
considers  that  these  compounds  enter  into  isomorphous  mixtures  with 
ordinary  diopside  and  angite  molecules  for  which  the  optic  plane  is  paral- 
lel to  010.  In  such  a  series,  (not  necessarily  continuous)  of  isomorphous 
compounds  the  optic  angle  would  necessarily  be  variable,  passing  through 
ztro.**  These  compounds  would  belong  to  what  Wahl  calls  *'the  cnstatit- 
au^itc  scries,"  previously  named  pigeonite,  as  already  described. 

Malacolite  is  a  variety  of  diopside  with  a  parting  well  devel- 
oped II  001  ;  it  does  not  differ  chemically  from  ordinary  diopside.  Dial- 
lage  is  a  variety  showing  well  developed  parting  ||  100  (rarely  ||  010);  it 
may  contain  considerable  alumina  and  is  then  a  variety  of  augite.  Chrome 
diopside  ctMUains  some  Cr^0j^(i-3%)and  some  A\^0^(i-7%)  ;  it  is  emer- 
ald jirecn  in  coh^r.  Omphacite  is  a  variety  also  containing  A1^03(5-9%), 
of  a  i?roen  color  occurring  in  eclo^jites.  These  minerals  emphasize  the 
jjratlual  natural  gradation  existing  between  diopside  and  augite. 

DiAc;.  Diopside  is  distinguished  from  other  monoclinic 
pyroxenes  as  follows: — it  differs  from  augite  in  the  absence  or 
scarcity  oi  alumina ;  further,  diopside  has  less  dispersion  than 
most  augite  ami  therefore  better  extinction  in  white  light ;  it  dif- 
fers from  acmite  and  s[xidumene  in  the  extinction  angle  in  the 
vertical  zone:  jaileite  is  always  fibrous,  is  not  known  to  occur  in 
l*\iro|K  or  .\merica  in  place,  and  contains  abundant  sodium. 

AUGITE. 

MoNovi  iNU.     ii:b:  c::  1.0021 :  i  :  0.3803     wiCafMg.Fe^CSiO.'^, 

/J  =  74'  10'      ^    -i-fnMg,Fe)(Al.Fe\Sia 
rnvs.  t'n.vR.     Crystals  usually  short  thick  prisms:  often 

•  W.iV.:  s  staiorn  r.t*  th:\t  pyroxono's  of  small  Coptic  ani^e  are  found  «ttly 
*M   »»..vlvu<os,   and   iV.r.t   thov  aro  oharaotoriaisi  by   the  ratio  CaO:  FeO  4-  MtX> 

\  •■  ^1x^  r.ot  i»to:n  tv*  b-^  justifud  by  the  facts  obsened  in  the  Lake  Su- 
IvrivT  roi:ion. 

••See  a:j»o   H.  R\ck:und:  T.  M.  P.  Mittk.  XXVI.  p,  Si7.  IfftS. 
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■a rely  fibrous 


coarsely  lamellar  ||   ooi   or   loo;  also  granular: 
Twinning  common;  the  twinning  plane  often 
I  j    lOO  giving  polysynthetic  iamellce  and  sec- 
ondary parting;  also  less  often   ||  ooi  yield- 
ing very  fine  twinning  lamella;  and  parting, 
which  can  be  produced  artificially  by  pressure; 
twinning  plane  rarely   loi,  also  T22  or  on 
producing  cruciform  twins.     Cleavage  nearly 
always  distinct  ]|  no;  parting  frequent  !|  100; 
also   II  OOI  when  twinning  is  present  in  this 
position.    H.  t=  5.-6.    G.  :=  3.2-3.6.    Fusibility 
about  3,  varying  with  the  composition.     Only 
very  ^owly  attacked  by  hot  HCl  (but  titanaugite  is  completely 
soluble)  ;  much  more  easily  attacked  by  IIF  than  the  orthorhom- 
bic  pyroxenes. 

Opt.  Prof.  The  plane  of  the  optic  axes  is  parallel  to 
oio ;  the  positive  acute  bisectrix  lies  in  the  obtuse  angle  p  making 
an  angle  of  38°  to  54°  with  the  vertical  axis  (trace  of  the  cleav- 
age in  vertical  sections).  Refringence  high  and  birefringence 
rather  strong.  The  angle  of  the  optic  axes  varies  with  the  com- 
position from  about  60"  to  61°   (rarely  more,  up  t6'68°). 

AUGITC 


Ptsure  ITS. 

Optical   orientation 

of  auBlte. 


Dispersion  weak  with  p  >  v;  distinct  inclined  dispersion 
of  the  bisectrices  with  the  extinction  angle  in  the  vertical  zone  less 
(by  about  1°)  for  red  than  for  violet. 
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Auvergne 

Ainergne 

Renfrew,  OnL 

(+)   ar=     60* 

? 

61- 

n,  =  1-733 

..728 

I.?227 

n„  =  1.717 

J.7«2 

t.7039 

",  =  I7<2 

1.706 

ifiyrs 

«,-«„  =  0021 

0XW2 

0.0252 

Color  green,  greenish  black,  brown,  brownish  black; 
rarely  grayish  green  or  yellow.  In  Ihia  section  pleochroism  usu- 
ally absent  or  very  weak;  when  rich  in  iron,  titanium,  or  sodium 
augitc  shows  distinct  pleochroism  as  follows : — 


Ferriferous  augitc 
Z  =  grceni«h 

y  ^  brownish    lo    red- 
dish brown 
■X=:  greenish 


Tilanaugite 
greenish  yellow  01 

tlish  (or  violet) 
red  or  violet 


red- 


..IJgirinaiigitc 
brownish  yellow  Ol 
greenish 
clear  green 


grci 


ish  yellow  or  red-      dark  gra 


Incl.  Gaseous,  liquid,  and  vitreous  inclusions  some- 
time occur  arranged  in  zones.  Diallage  has  inclusions  wholly 
like  those  of  hypersthene  and  bronzite. 

Alter.  Augite  has  many  different  alteration  products; 
the  commonest  is  probably  the  change  to  uralitc  (variety  of 
hornblende).  This  may  occur  so  that  a  single  crj-stal  of  augite 
yields  a  single  crystal  of  nralite,  or  it  may  yield  a  fibrous  aggre- 
gate of  uralite,  sometimes  with  feldspar.  The  alteration  may  be- 
gin around  the  periphery,  or  it  may  proceed  along  the  cleavage 
lines  of  the  augite.  Another  common  alteration  product  is  an- 
tigorite  (variety  of  serpentine),  which  may  be  fibrous  or  lamellar, 
.\gain,  augite  may  alter  to  biotite,  and  then  that  may  change  to 
chlorite,  or  the  pyroxene  may  alter  directly  to  chlorite.  In  such' 
cases,  calcite.  quartz  and  epidole  may  be  formed  at  the  same 
time.  Occasionally  a  crystal  of  augite  may  be  changed  wholly  to 
calcite,  or  to  quartz.  By  fumarolic  action  pyroxene  may  be 
changed  to  opal  and  quartz.  When  fused  and  re  crystallized  in 
nature  augite  usually  forms  again,  sometimes  with  olivine  and 
magnetite. 

Fassaite  may  be  used  to  designate  those  light  colored 
varieties  of  augite  which  contain  little  iron.  Fassaite  therefore 
resembles  diop.side  very  closely;  it  usually  shows  very  weak  ple- 
ochroism in  colors  like  ferriferoits  augite;  the  angle  of  the  optic 
axes  is  a  little  smaller  than  in  other  varieties  of  augite  or  in 
diopside,  2V  being  50°  to  60°.    The  extinction  angle  in  the  ver- 
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tical  zone  is  about  40**  to  45®.  Dispersion  weak,  both  of  the  axes 
and  of  the  bisectrices,  but  the  extinction  angle  is  slightly  less 
for  red  than  for  blue. 

Ferriferotss  aisgite  (or  basaltic  aisgite)  is  usually  dark 
colored  and  pleochroic,  as  shown  above;  the  extinction  angle  is 
45°  to  54°  ;  the  dispersion  is  distinct  with  p  <v,  and  the  extinction 
angle  is  distinctly  less  for  red  than  for  blue.  As  a  consequence, 
complete  extinction  is  not  obtained  in  sections  |]  010  in  white 
light. 

Titanaugfte  contains  TiOj  up  to  about  five  per  cent. ;  it 
has  a  peculiar  reddish  or  violet  color  with  pleochroisni  as  indi- 
cated above ;  dispersion  of  the  axes  strong,  with  p  <.v,  and  dis- 
persion of  the  bisectrices  also  strong;  with  the  extinction  angle 
less  for  red  than  for  blue ;  therefore  absence  of  complete  extinc- 
tion is  particularly  noticeable. 

Aegfrinaisgfte  contains  NagO  in  important  amount  and 
thus  grades  toward  acmite  (or  aegirine).  The  angle  of  the  optic 
axes  is  probably  larger  than  in  other  augites,  but  exact  measure- 
ments are  lacking.  The  extinction  angle  in  the  vertical  zone  is 
60**  to  80°.  Dispersion  notable  with  incomplete  extinction.  Color 
and  pleochroism  distinct,  as  already  given.'^  Refringence  high, 
birefringence  strong;  ng  =:  1.709,  *im  =  1.687,  «p  =  1.680;  n^  — 
Wp  =  0.029. 

Diallage  with  its  abundant  parting  |[  100  often  con- 
tains considerable  alumina,  and  is  therefore  often  a  variety  of 
augite.    Omphacite  likewise  may  contain  alumina. 

Occur.  Augite  is  especially  abundant  in  igneous  rocks, 
and  diopside  in  crystalline  schists,  but  neither  is  confined  to  such 
occurrence.  Augite  is  found  in  various  metamorphic  rocks,  in- 
cluding some  schists;  it  is  found  in  igneous  rocks  of  very  many 
types,  including  most  of  the  common  classes.  It  is  found  also 
in  some  slags,  and  in  some  stony  meteorites. 

DiAG.  Augite  differs  from  diopside  in  containing  con- 
siderably alumina;  it  also  C except  fassaite)  has  more  dispersion 
than  diopside,  and  therefore  gives  incomplete  extinction  in  white 
light ;  finally,  the  maximum  extinction  angle  in  the  vertical  zone 
in  augite  is  less  for  red  than  for  violet,  and  in  diopside  it  is 
gfreater.  for  red  than  for  violet.  Augite  differs  from  acmite  and 
spodumene  in  the  extinction  angle  in  the  vertical  zone,  v;hile 
jadeite  is  always  fibrous,  and  contains  abundant  sodium. 
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^^ 

SPODUMENE  (Triphane). 

MoKotLiNic                      a:b:c::  1.1238:1:0.6355 

LiAHSiO,,, 

/S  =  69°40' 

Pkys.   Char.     Crystals   prismatic,   somelimcs   flallened    I|    loo; 

vertical  faces  striated.     Usually  in  cleavable  masses. 

Twinning  plane  |i 

100,     Cleavage  distinct  i|  no;  parting  ||  010.  more 

rarely   |l   loo.     H.  .^ 

(i.-/.     G.  =  3-i-J-2.     Fuses  at  3-5  after  turning  white, 

swelling  and  giving 

ii  purple  red  flame  color  (Li).     Insoluble  in  acids. 

Oft.  Prof.     The  plajie  of  the  optic  axes  is 

parallel  to  olo;  the 

positive    acute    bisectrix    makes    an    angle    of   about 

36'^  with  c   in  the  obtuse  angle  ff.     The  optic  angle 

is  large:  refringence  marked,  and  birefringence  mod- 

"^rT 

crate.     Dispersion   p<f  weak. 

^<^li 

(  +  )  ar^S4°  10  60" 

.4 1;   . 

.1^  =  1,677     H„=  1.669    «p  =1-651 

''  \  1 L 

iig  — 'ip  =  o.oz6 

Color  white,  yellowish,  greenish,  emerald 

1*^3--^ 

--r'^  1 

section,   with   very  weak   pleochroism   in  thick   crys- 

MO 

''H  ;V  < 

taU    in    green    tints.      Vatielies    with    distinct    color 

1      W  \ 

(hiddeniic  snd  kuniiic)    have   pleochroism    in   thin 

i     I.  A 

section,  as  follows:— 

1 1    ii  1 '  i- 

Kwnzite                       Hiddenitc 

||Jjl^^ 

Z  =  colorless                     colorless* 

y  =  pink  or  amethystine  greenish 

OpllciU    orIci!tB.tlan 

X  =  amethysltne  purple     green 

of   spodumene. 

Alter,     Spodumene  al   Goshen.  Ct.  alters 

0  a  fibrous  mass   of 

I  results  in  the  for- 
itill  later,  the  albile  changes  to 
re  than  a  progressive  replace- 


eucryptite   and  albile ;   a   later   stage   in  the  alteratio 
mation  of  a  mass  of  muscovite  and  albitc:  s 
microclinc.     This  alteration   is   nothing  r 
ment  of  lithium  by  potassium. 

Occur.  Found  in  pegmatite  of  granite,  gneiss,  and  micaschist ; 
more  rarely  in  normal  granite  and  gneiss.     Rare. 

Di.^c.  Distinguished  from  other  monoctinic  pyroxenes  by  the 
extinction  angle  in  the  vertical  zone,  by  the  mode  of  occurrence,  and  by 
the  presence  of  lithium. 

ACMITE  (fgiritw). 

MoNOCLixic  a:b:c::  1.0996:  1 : 0.6012  NaFefSiO.,)- 

Phys.  Char.  Crystals  long  prismatic,  vertically  stria- 
ted. Acute  terminations  characteristic  of  acmitc.  obtuse  termina- 
tions of  aegirine.  Also  occurs  in  groups  of  slender  acicular  ciys- 
tal.s  and  in  fibrous  tufts.  Twinning  ||  lOO  common  in  actnite. 
uncommon  m  aegirine.     Oeavage  ||   no  more  distinct  than  in 


ACMITE—JADEITE. 


Zi7 


ACMITC 


Na 

«g=  1. 8126 
«m=  1-7990 

»p  =  1.7630 

Hg Wp  =  0.0496 


700 


aiigite;  parting  sometimes  easy  ||  010,  also  ||  001.  H.  =  6.-6.5. 
G.  =  3.5-3-55-  Fuses  at  2  to  black  magnetic  globule,  giving 
deep  yellow  flame  color.     Only  slightly  attacked  by  acids. 

Opt.  Prop.  The  plane  of  the  optic  axes  is  parallel  to 
010;  the  negative  acute  bisectrix  makes  a  small  angle  (about 
5°)  with  the  vertical  axis  (trace  of  cleavage  in  vertical  sections) 
in  the  acute  angle  )8;  therefore  Z  makes  an  angle  of  about  95° 
with  the  vertical  axis.  The  optic  angle  is  large;  the  refringence 
high  and  the  birefringence  quite  strong.  Dispersion  distinct  with 
p  >  V,  and  extinction  angle  in  the  vertical  zone 
less  for  red  than  for  blue.  Therefore  extinc- 
tion is  quite  incomplete  in  white  light. 

Tl 

61^44' 
1.8238 

1.8096 

17714 
0.0524 

Color  of  acmite  reddish  brown  to 
black,  of  aegirine  green  to  black;  in  thin  sec- 
tion brownish  or    greenish,    with    absorption 

formula  X>Y>Z,  and  pleochroic  formulas: — 

Acmite  j^girine 

Z  =  greenish  to  brownish  yellow       yellowish  green 
Y  =  yellow  to  greenish  yellow  olive  green 

X  =  greenish  to  dark  brown  dark  grass  green 

Alter.  Acmite  alters  to  iron  oxides,  and  also  to  anal- 
cite. 

Occur.  Found  in  pegmatite  veins,  in  nepheline  sye- 
nites, in  phonolites,  and  in  augite  syenite.  Acmite  is  supposed  to 
have  a  little  more  iron  than  aegirine,  but  the  two  are  practically 
identical. 

DiAG.  Distinguished  from  other  monoclinic  pyroxenes 
by  the  very  small  extinction  angle,  the  negative  sign  and  elonga- 
tion, the  strong  birefringence,  and  marked  pleochroism ;  further, 
the  density  is  greater,  and  the  fusibility  less. 

JADEITE. 

Monoclinic  Axial  ratio  unknown.  NaAUSiOjj)^ 

Phys.  Char.  Unknown  in  crystals ;  usually  in  fibrous  to  acic- 
ular  forms  often  interlaced  so  as  to  be  quite  compact.  Cleavage  distinct 
II  no;  parting  indistinct  jj  100.  H.  =  6.-7.  Very  tenacious.  G.  =3.3-3.5. 
Fuses  readily  to  transparent  yellowish  or  grayish  glass.  Not  attacked  by 
acids. 


Figure    ITS. 
Optical    orientation 
of    acmite. 


Opt.  Prop.    The  plane  of  ihe  optic  i 
|)0$ittve  acute  blsecrrix  makes  an  anicle  of  31' 

.    (trace  of  cleavage   in   vertical   sections).     The 
opiic  angle  is  large;  refringcnce  high;  birefringence 
Strong.     Weak  inclined   dispersion  -with  p  >  f. 
(+)  ir  =  71°56' 
n„  =  1.654 

Color  apple  green  to  emerald  green ; 
grceni'h  while,  colorless;  in  thin  section,  colorless. 
Altek.  Chloromelanite  is  apparently  an 
alleralion  jirodtid  of  jadeite.  It  has  all  the  <^tic 
properties  of  jattcitc;  il  contains  more  iron  tha'i 
the  latter  mineral  and  is  therefore  darker  colored. 
Il  seems  to  alter  to  smaragdite. 

Occi'B.  Occurs  in  Burmah,  southern 
China,  and  Thil)ei;  not  certainly  known  in  place  in 
Europe  or  America.  Found  in  both  these  conti- 
nents and  elsewhere  with  relics  of  early  tnan,  who 
worked  it  into  various  ornaments  and  utensils. 


a  variety  of  jadeite  colored  light 
lOrphous  acmite ;  in  thin  section  the 
but  paler,  while  the  extinction  angle 


Percivallte*  seems  to  be 
green  by  the  presence  of  a  little  ison 
plcochroic  colors  are  those  of  acnilte, 

DiAC,  Distinguished  from  other  monoclinic  pyroxenes  by  larger 
optic  angle,  fibrous  habit,  the  smaller  extinction  angle  (acmile  and  atgi- 
rinaugite  have  still  smaller  or  similar  extinction  angles,  but  in  them  Ihe 
elongation  is  negative.)  the  mode  of  occurrence,  and  the  presence  of 
abundant  sodium  and  aluminum. 

RHODONITE. 

Tbiclinic.  a:b:c::  1.0729 :  1 : 0.6213  MnSiOj 

a  =  103°  18'  fi  =  108°  44'  V  =  81°  39' 
Phys.  Char,    Crystals  usually  rough  and  tabular  []  001 


often  elongated  ||  no  or  iTo.  Commonly 
compart:  also  granular.  Also  lamellar 
or  fibrous.  Cleavage  perfect  ||  no  and 
fio.  F-asy  |1  001.  H.  =  5.5-6.5.  G.  = 
3.4-3.68.  Blackens  and  fuses  with  slight 
intumescence  at  2.5.  Slightly  attacked 
by  acids. 

Opt.  Prop.  The  plane  of  the 
optic  axes  makes  angles  of  63°  with  1 10 
and  38^°  with  001 ;  the  negative  acute 
bisectrix    is   normal    to   a   plane   making 


cleavable  to 


V  simple  crystal 
-m   of   rhodonite. 


RHODOXITE—BABINGTOiXlTE. 


angles  of  51*40'  with  001  and  Si' 47'  with  110;  the  obtuse  bi- 
sectrix is  normal  to  a  plane  making  angles  of  86°  55'  with  c»i 


section. 

and  50°  7'  with  iTo.  Refringence  high;  birefringence  rather 
weak;  optic  angle  large.  Marked  crossed  dispersion  with  p  <v 
weak. 

,(— )    2)/ =  76°     12' 

«™=  1-73 

"» Hp  =  0.010  to  0.01 1 

Color  reddish  brown,  pink,  yellowish  or  greenish  gray; 
brown  to  black  by  alteration.  Colorless  in  thin  section,  but  in 
thick  plates :  Z  ^  clear  pinkish  red,  Y  zr:  pinkish  red,  X  =  clear 
reddish  yellow. 

Alter.  Alters  often  by  weathering  to  pyrolusite;  aiso 
changes  to  rhodochrosite,  which  in  turn  alters  to  black  manganese 
oxide. 

Occur.  Found  in  iron  ore  deposits,  and  in  veins  con- 
taining manganese  and  other  metals. 

DiAc.  Distinguished  from  other  pyroxenes  by  the  crystal 
system  which  leads  to  extinction  always  inclined;  also  by  the 
richness  in  manganese. 

BABINGTONITE. 

Triclikic  a:6:c::  1.0691:1:0.6308  »i(Ca,Fe,Mn)SiOj  +  «Fe„(SiO,), 
a  =  104''  21'  fi  ^  108°  31'  Y  =  83°  34' 

Phys.  Char.  Crystals  small  with  striated  faces.  Form  simi- 
lar to  augitc.  Oeavage  perfect  |1  ilo.  less  perfect  ||  no.  H.  =  5.5-6.  G.  = 
3.36.     Fuses  at  2.7  to  black  magnetic  globule.     Not  attacked  by  acids. 

Opt.  Prop.    The  plane  of  the  optic  axes  seems  to  be  nearly 
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parallel  to  no;  it  is  nearly  normal  to  iio;  the  extinction  angle  in  loo 
is  44°,  and  in  oio  31°.  Birefringence  strong;  optic  angle  large.  Dis- 
persion very  marked. 

(+)  2F  =  6o°  to  65'* 
n  =  1.72 
n^  —  n^  =  0.032 
Color  greenish  black.     Pleochroism   intense  even   in  thin   sec- 
tion, as  follows : — 

Z  =  dark  brown  dark  grass  green 

Y  =  pale  violet  brown  yellow 

X  =  very  dark  emerald  green  clear  green 

Occur.  Found  in  cavities  in  granite;  in  syenite,  in  mica  slate 
cr  gneiss.  Often  associated  with  epidotc  and  garnet.  Also  found  as  a 
furnace  product.  Rare. 

DiAG.  Distinguished  from  other  pyroxenes  by  triclinic  char- 
acter, marked  dispersion,  and  intense  pleochroism  as  shown  above. 

HIORTDAHLITE. 

Triclinic  a:b:c::  1.0583 :  i : 0.7048  (Na^.Ca) Fe(Si,Zr) ^O^ 

o  =  90°  29'  p  =  108°  49'  y  =  90°  8' 
Phvs.  Char.  Crystals  tabular  ||  100  and  elongated  ||  c;  poly- 
synthetic  twinning  lamellae  with  c  as  twirming  axis  and  100  as  compo- 
sition face.  Cleavage  indistinct  parallel  to  the  prism  faces,  nearly  at 
right  angles;  in  traces  ||  010.  H.  =  5.-6.  G.  =  3.27.  Fuses  easily  to  yel- 
lowish white  enamel.     Gelatinizes  with  acids. 

Opt.  Prop.  The  plane  of  the  optic  axes  is  nearly  parallel  to 
rCi ;  the  acute  bisectrix  is  situated  in  the  upper  left  hand  front  octant, 
the  optic  normal  in  that  behind.  The  plane  of  the  optic  axes,  as  indi- 
cated by  the  extinction,  makes  angles  with  c  of  65°  in  100  and  74'/'°  in 
010.     Optic  angle   large;   refringcnce  high;  birefringence  weak. 

(-f)   2F  =  large 

n  =  1.68-171 
«g  —  «p  =  0.0123 
Color   light   yellow    to   yellowish    brown.      Pleochroism    usually 
invisible  in  thin  section;  in  thick  sections  Z  =  wine  yellow,  Y  =  yellowish 
white,  X  =  almost  colorless. 

Occur.     Known  only  in  nepheline  syenite  from  Sweden.     Rare. 

Hainite  is  a  related  triclinic  silicate  of  sodium,  calcium,  pos- 
sibly cerium,  with  titanium  and  zirconium.  Crystals  acicular,  prismatic. 
Twinning  on  100.  Cleavage  rather  distinct  ||  010,  indistinct  ||  100.  H.  = 
5.±:.  G.  ^3.18.  /\cute  bisectrix  Z  nearly  normal  to  010.  Extinction  on 
TOO  nearly  parallel  trace  of  010,  on  010  about  4°  from  trace  of  lOo;  in 
section  normal  to  c  al)out  16.5°  from  trace  of  100.  Extinction  imperfect 
on  account  of  strong  dispersion  of  the  bisectrices,  with  p  >  v.  2E  large. 
Refringence  high,  about  1.7;  birefringence  not  more  than  0.012.  Color  and 
pleochroism  like  hiortdahlite.  Found  in  phonolite  in  Bohemia.  Very 
rare.  Differs  from  hiortdahlite  optically  in  having  positive  elongation; 
elongation  in  the  latter  is  ±. 

DiAG.    Distinguished  from  wohlerite  and  lavenite  by  the  weak 
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birefringence,  from  rinkite  and  johnstrupite  by  the  lack  of  good  cleavage, 
and  from  all  these  minerals  by  the  crystal  system. 

PYRRHITE,  see  pyrochlore  group.  PYRRHOTITE,  see  cinna- 
t>ar  group.  PYROSMALITE,  see  friedelite.  PYROSTILPNITE, 
s.  «e  pyrargyrite. 

QUARTZ. 

EXAGONAL  Cirl.09997  SiOj 

Phys.  Char.    Crystals  usually  prismatic,  terminated  by 

wo  rhombohedrons  lofi  and  oiii.  Sometimes  in  double  six- 
sided  pyramids  made  up  of  two  rhombohedrons.  Crystals  also 
fcighly  modified,  and  distorted.  Horizontal 
striations  common  on  prismatic  faces.   Massive 

iorms  common  from  coarse  to  fine  granular  or 

even  to  crypto-crystalline.    Simple  crystals -are 

uncommon ;  usually  twinned  by  interpenetra- 

tion,  the  twinning  axis  often  the  vertical  axis, 

and  in  this  case  the  twins  may  be  united  so  as 

to  be  symmetrical  with  respect  to  oooi  or  loio 

or  ii5o.     Much  more  rarely  other  twinning 

laws  occur,  thus,  the  twinning  plane  may  be  Figure  184. 

.  ^,  1        ,  ,  A    simple    crystal 

1122.  Cleavage  nearly  always  absent  or  very  form  of  quartz, 
difficult;  cleavage  may  be  obtained  by  sudden  cooling 
or  by  pressing  with  a  needle  on  a  thin  section.  Cleavage 
difficult  II  101 1  and  oifi,  in  traces  ||  lOio  and  oooi.  H.  :=  7. 
G.  =^  2.653-2.654.  Infusible.  Insoluble  in  acids  except  in  HF ; 
difficultly  attacked  by  alkalies. 

Opt.  Prop.  Uniaxial  and  positive.  Refringence  low ; 
birefringence  weak.  Rotary  polarization  (invisible  in  thin  sec- 
tions) increasing  with  the  thickness  of  the  section.  Right- 
handed  and  left-handed  crystals  equally  common ;  the  combina- 
tion of  these  two  produces  the  Airy  spirals. 

^ig=  1.55336    np=  1.54425 

Hg Hp  =  0.0091 1 

The  refringence  decreases  very  slowly  with  increase 
of  temperature;  for  fused  quartz  n=  1.4588.  The  birefrin- 
gence likewise  decreases  slowly  with  increase  of  temperature, 
but  only  to  570**  C. ;  above  that  temperature  there  is  an  abrupt 
change,  and  the  birefringence  thereafter  increases. 

Quartz  occurs  sometimes  showing  a  distinctly  biaxial 
character.    In  this  case  2E  =  i2**-i8°,  or,  rarely,  as  much  as  24**. 

Color.     Quartz  is  colorless   in  thin   section,  but  often 
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aows  inclusions  of  various  kinds  wliidi  serve  as  pigments  and  j 
,'ive  a  color  to  thick  sections  and  masses  of  the  mineral.  Thus  .^ 
quartz  may  be  yellow,  red,  brown,  green,  blue,  black.  Quarti  -^ 
is  not  pleochroic.     Streak  colorless.     Luster  vitreous. 

Incl,      Liijuid   inclusions   are   especially   characteristic    — i 
of  quartz.    The  liquid  may  be  water,  or  COj,  or  both.    Gaseous  .— =- 

bubbles,  sometimes  movable,  often  accompany  the  li((uid  inclu , 

,  sions.  These  inclusions  rarely  occupy  cavities  which  have  the— ^^. 
form  of  the  enclosing  mineral ;  such  cavities  arc  called  negative;^^ 
'  crystals.  Cubes,  probably  of  XaCt.  are  sometimes  found  in^—:^ 
I  these  cavities.  In  other  cases  the  liquid  present  is  a  i  iiliiili  ■ 
I  and  causes  the  fetid  odor  (if  certain  samples  of  quartz  when  .^  ^ 
f    struck  a  sharp  blow. 

J  The   inclusions   in   quartz   arc  usually  arranged   alon^^^a 

r-    lines,  curved  surfaces,  or,  .to mi: timet,  parallel  to  the  crystal  faces.    -^— 

They  are  occasionally  very  large,  and  visible  to  Ihe  naked  eye„     — ■ 

Other   inchisions   in   quartz   include    reticulated    rutile    (Venus'        " 

hair),  needles  of  tourmaline,  of  epidote,  of  actinolite  or  treino 

lite    (when   regularly   arranged   so   as   to   produce   opalescence-    — 
these  make  the  variety  of  quartz  called  cat's  eye),  of  chlorite^!— = 
or  of  other   slaty  mineral.     Transparent.     Quartz   containing^: 
reticulated  or  acicular  rutile,  or  other  mineral,  is  often  calleiV      I 
sascnitf.  I 

.\r.TER.  Quartz  is  a  very  stable  mineral;  nevertheless.  1 
it  occurs  allcrcd  lo  talc,  pyrite.  cassitcrite.  magnetite,  etc.  In- 
versely, quartz  is  found  in  pscuclomorplis  after  many  minerals, 
notably  calcite.  fiuorite,  barite,  etc.  When  fused  in  nature 
cmbaymcnts  are  first  formed,  then  the  whole  mass  is  fused. 
i„'pon  recrystallization  augite  usually  forms  an  aureole  about 
that  portion  not  completely  fused.  In  acid  rocks  fused  quartz 
recrystallizes  at  high  temperatures  as  tridymite. 

Occur.  Quartz  is  one  of  the  most  abundant  minerals 
found  in  nature:  it  is  an  essentia!  constituent  of  rhyolite,  gran- 
ite, dacite,  quartz  diorite,  gneiss,  micaschist,  and  many  related 
rocks.  It  is  usually  the  chief,  and  often,  nearly,  the  only,  constitu- 
ent of  sandstone,  gravel,  conglomerate,  and  vein  rocks.  It  ocairs 
in  less  important  amounts  in  many  other  igneous,  metamorphic 
and  sedimentary  rocks.  It  is  often  deposited  by  hot  springs  and 
geysers. 

In  graphic  granite  skeleton  crystals  of  quartz  are  ar- 
ranged in  parallel  position  in  a  very  coarsely  granitic  aggregate 
of  acid   feldspar  anhedra.     In  sandstone  the  grains   are  often 
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ilarged  by  deposition  about  each  one  of  quartz  oriented  upon 
tine  enclosed  g^ain. 

Varieties  and  related  minerals.  Some  authors  regard  the 
^^xagonal  character  of  quartz  as  due  to  an  intimate  association  of  biaxial 
p^arts.  This  view  finds  support  in  the  fact  that  fibrous  silica  is  often 
iaxial.  It  is  called  quartzine  when  the  fibers  are  elongated  parallel  to 
^;  the  fibers  of  quartzine  are  sometimes  grouped  about  a  ternary  axis  so 
Ls  to  produce  uniaxial  quartz.  Quartzine  has  a  variable  apparent  angle 
_if  the  optic  axes  on  account  of  the  superposition  of  fibers  which  is 
resent  in  nearly  all  cases.  It  reaches  35°  to  40**,  if  not  more.  The  in- 
dices of  refraction  and  the  birefringence  are  very  near  those  of  quartz. 
3*"ibrous  silica  is  called  chalcedonite  w^hen  the  fibers  are  elongated  paral- 
lel to  X,  and  the  elongation  is  therefore  negative;  furthermore,  fibers  of 
chalcedonite  show  all  the  possible  gradations  in  birefringence,  while  fibers 
of  quartzine  always  show  the  maximum  birefringence;  finally,  in  a  single 
fiber  of  chalcedonite  Z  is  always  perpendicular  to  the  elongation,  but  often 
changes  its  position  continuously  along  the  fiber  so  that  its  positions  form 
a  spiral  about  the  fiber.  Again,  fibrous  quartz  is  sometimes  elongated  {| 
Y,  and  in  this  case  the  elongation  is  either  i)Ositive  or  negative,  but  much 
more  commonly  negative,  since  n„  and  tip  are  not  widely  different  in  val- 
ue. Lastly,  fibrous  quartz  is  called  lut6cite  ^1^^"  it  is  elongated  in  the 
plane  of  Y  and  Z  in  a  direction  making  an  angle  of  about  29°  with  Z. 
Lirtecite  also  forms  characteristic  groups  about  a  senary  axis  resulting  in 
pseudohexagonal  crystals,  basal  sections  of  which  are  oblique  to  the  acute 
positive  bisectrix. 

Pseudochalcedonite  is  the  name  given  to  fibrous  silica,  usually 
spherulitic,  which  is  optically  negative;  the  axis  X  is  parallel  with  the 
elongation  which  is  therefore  negative.  The  angle  of  the  optic  axes  is  very 
small;  the  birefringence  only  half  that  of  quartz,  n^  —  Mp  =  0.0045  about; 
in  other  characters  the  mineral  is  closely  like  chalcedonite. 

Chalcedony  is  a  name  given  to  megascopic  forms  of  silica 
which  are  concretionary,  fibrous  or  compact,  and  microcry stall ine  or  cryp- 
tocrystalline.  Opal  is  often  present  in  large  amounts  in  concretions  of 
chalcedony,  which  may  be  made  up  of  any  of  the  preceding  microscopic 
varieties.  Chalcedony  has  various  other  names  depending  upon  the  color, 
structure,  or  other  megascopic  characters,  such  as  carnelian,  sardonyx, 
jasper,  chrysoprase,  agate,  onyx,  etc. 

DiAG.  The  low  refringence,  weak  birefringence  and 
absence  of  color,  cleavage  or  alteration  usually  serve  to  identify 
quartz.  Distinguished  from  colorless  fresh  cordierite  by  the  uni- 
axial character  and  lack  of  the  twinning  in  the  quartz.  Other 
characters  of  importance  include  the  specific  gravity,  hardness, 
crystal  form,  and  resistance  to  acids,  except  HF. 

QUENSTEDTITE,  see  coquimbite. 
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REALGAR. 

MoNOCLiNic.  a:b:c::  I-440:  i  :i 

0  =  66"    5' 

Phys.    Char,       Crystals    short, 
striated;  coarse  or  fine  granular;  compact, 
010.   100,   no  and  210.  H.  =  1.5-2.     G.  = 
tile.     Soluble  in  alkalies. 

Opt.  Prop.  The  optic  plane  is 
parallel  to  010;  the  acute  bisectrix  X 
makes  an  angle  of  -|-ii°  with  c.  Bire- 
fringence strong ;  n..  —  Jip  =;  0.030.  In- 
clined dispersion  strong  with  p  >  v.  zH 
=  92'  58'- 

Color  aurora  red  to  orange  yel- 
low. Streak  paler  red.  Luster  resinous. 
In  thin  section  distinctly  pleochroic,  with 
Z  ::^  Y  vermilion  red,  X  orange  red. 

.'Vi.TER.  Changes  on  exposure 
to  light  to  orpiment  and  arsenolite. 

Occur.  Found  with  silver  and 
lead  ores  in  veins ;  also  in  clay  and  in 
slate;  often  produced  by  solfataric  ac- 
tion ;  also  from  geysers. 

DiAG.  Distinguished  from  orpi- 
ment by  its  inclined  extinction  and  ple- 
ochroisni,  from  cinnabar  by  its  negative 
biaxial  character  and  pleochroism. 


prismatic,  vertically 
Cleavage  distinct  {| 
3.56.     Wholly  vola- 


OpCtcal   orientation   of 


RHODOCHROSITE,  see  caleite  group.  RHODONITE,  see 
pyroxene  group,  RICHTERITE,  see  amphibk  group.  RIEBECK- 
ITE,  see   amphibole  group. 


MONOCLCNI 


Na^Ca,,  Cc^  ( TiF, )  ^  (  SiO, ) ,. 


Phvs.  Char.  Crystals  short  columnar,  or  flatlened  |I  too. 
Cleavage  distinct  ||  loO.  Twinning  common  on  loO,  often  producing  sev- 
eral lamella;.  H.  =  s.  G,  =  3.46-3.50.  Fu.ses  with  intumescence  lo  a  black 
shining  glass.  Easily  decomposed  by  dilute  acids  with  separation  of 
silica  and  titanic  acid. 

Orr.  pRor.  The  plane  of  the  opiie  axes  and  the  obtuse  bisec- 
trix arc  normal  to  010;  the  optic  normal  makes  an  angle  of  7"  with  e  ap- 
parently in  the  acute  angle  j3.  Relief  moderate,  birefringence  also  modt 
eratc.     Strong  dispersion  with  p  <  v;  also  distinct  horizontal  dispersion. 


RINKITE—ROSENBUSCHITE,  345 

(  +  )  2F  =  74° 

Mg  =  I.681  ±1      W„  =  1.6682   Mp  =  1.6654 

fig  —  «p  =  0.016  (calc.) 

Color  yellowish  brown  to  straw  yellow.  Pleochroism  scarcely 
perceptible  in  thin  section ;  in  thick  section  Z  =  yellow,  Y  =:  yellowish 
white,  X  =  colorless,  with  absorption  Z  >  Y  >  X. 

Occur.  Found  in  nepheline  syenite  and  related  rocks,  often 
associated  with  arfvedsonite,  segprite,  lepidolite,  fluorite,  l&venite,  etc. 
Rare. 

DiAG.  Distinguished  from  mosandrite  by  the  position  of  the 
optic  plane  perpendicular  to  the  plane  of  symmetry,  and  the  strong  dis- 
persion p  <  v;  diflfers  from  hiortdahlite  in  crystal  system  and  cleavage. 

RIPIDOLITE,  see  chlorite  group. 

ROEMERITE. 

Triclinic  a:  6:  c::o.968:  1 :  2.643  FeFe^CSO^)^ -f  12H2O 

a=ii6°4'  i8  =  94°4i'  y  =  8o^7'     . 

Phys.  Char.  Crystals  tabular  {{  001;  coarsely  granular.  Cleav- 
age perfect  ||  010.     H.  =  3.-3.5.     G.  =  2.1-2.17.     Easily  soluble  in  H.O. 

Opt.  Prop.  The  trace  of  the  optic  plane  in  001  bisects  the  ob- 
tuse anjrle  between  100  and  010;  the  acute  bisectrix  X  is  inclined  about 
30°  to  c.    2H^  =  57*  45'.     Color  brown  to  yellow. 

Occur.     Found  with  other  iron  sulphates.    Very  rare. 

ROSCOELITE,  see  mica  group  (biotite). 

ROSENBUSCHITE. 

MoNOCLiNic  a:  &:  r: :  1.169:  T :  0.978  Na^Ca,[(Si,Zr,Ti)0,l^ 

i5  =  78°i3' 
Com  p.     Fluorine  is  commonly  present  in  notable  amount:  man- 
ganese and  cerium  in  smaller  amount. 

Phys.  Char.  Crystals  elongated  ||  b  with  001,  100,  ibi,  and 
rarely  540  present.  In  radiating  groups  or  felt-like.  Cleavage  perfect  || 
ooT.  imperfect  ||  100  and  3oi.  H.  =  5.-6.  G.  =  3.3-3.32.  Easily  fusible. 
Soluble  in  HCl. 

Opt.  Prop.  The  optic  plane  and  the  bisectrix  X  are  normal  to 
010;  the  bisectrix  Z  makes  an  angle  of  12°  to  14°  with  c  in  the  acute  angle 
p.  Optic  angle  large ;  optic  sign  uncertain ;  Broegger  considers  it  prob- 
ably positive. 

2V  =  large 
ft  =  1.65 


f/g  —  Wp  =  0.026 

Color  light  orange  gray.  Luster  vitreous.  In  thin  section 
colorless  to  pale  yellowish  with  slight  pleochroism  and  distinct  absorption, 
Z  >  Y  >  X. 

Occur.     Found  in  nepheline  syenite.     Rare. 

DiAG.  Rosenbuschite  has  negative  elongation,  while  wollas- 
tonite  has  positive  or  negative  elongation,  and  pectolite,  sillimanite,  and 
carpholite  have  negative  elongation. 


346  OPTICAL  MINERALOGY. 

Rutile  Group. 

The  minerals  of  the  rutile  group  are  oxides  of  tetrava- 
leiit  acid  elements,  or  metals  which  act  sometimes  as  acid  elements. 
They  are  tetragonal  and  have  closely  similar  forms  and  the  same 
twinning  laws.  So  far  as  known  the  optic  properties  are  also 
very  similar ;  alf  are  uniaxial  and  positive,  have  very  high  ref rin- 
gence  and  extremely  strong  birefringence. 
The  minerals  of  the  group  are  the  following: — 
Rutile  c  =  0.6441  TiO, 

Zircon  c  =  0.6404  (Zr,Si)Oj 

Tliorite  c  =  O.6402  (Th.Si)  O, 

Caisiterite  c  =  0.6723  SnO^ 

Plattnerite  c  =  0.6764  PbO, 

Polianile  e— 0.6647  MnO^ 

RUTILE. 
Tlttragonal  c  ^  0.6441  TiO, 

Phys.  Char.  Crystals  nearly  always  elongated  Ij  c, 
sometimes  finely  fibrous.  Rarely  elongated  ][  in.  Crystals  ver- 
tically striated.  Twinning  ||  loi  frequent  in 
macroscopic  crystals ;  this  type  is  known  as 
geniculated  twinning  when  composed  of  two 
parts ;  when  composed  of  several  parts  it  may 
be  arranged  in  a  cycle  of  six  or  eight,  or  it 
may  form  lamellse  vi.'iible  microscopically  in 
basal  sections.  Twinning  also  on  301,  rare  in 
targe  crystals,  but  commonly  found  in  micro- 
scopic size.  Twinning  on  902  is  always  poly- 
synthetic  and  accompanied  by  parting  planes. 
The  reticulated  groups  in  sagenite,  etc.,  are  usually  due  to  a 
combination  of  these  two  twinning  laws.  Cleavage  easy  |!  100 
and  no.    H.  =  6.-6.5.   G.  —  4.18-4.25.     Infusible.    Insoluble. 

OrT.  Pfidi'.  Uniaxial  and  positive.  Refringence  very 
high  and  birefringence  extreme. 

Wg  —  2.9029    jip  —  2.6158 
"g  —  «P  =  0.2871 

Color  red,  reddish  brown,  brownish  black,  yellow,  blu- 
isJi,  violet,  rarely  green.  Streak  pale  brown.  In  thin  section 
plcocliroism  often  not  noticeable.  Sometimes  it  is  distinct  with 
X  .-=  yellow,  or  brownish  red  in  a  thick  section,  and  Z  ^  brown- 
ish yellow  to  yellowish  green,  or  dark  blood  red  to  black  in  a  thin 
section. 


RUTILE— ZIRCON. 


Flcurii  1ST.  S^ictlon  of  nitlle  show- 
iTiir  geiilculated  twinning  ajid  rellcu- 
latkma,  In  chlorite  in  quorti  gabbro 
fram  LJIlla  SaKanasa  Lake.  HInn. 
854   a.     One  tilofrf.    X    S60. 


Rutile  sometimes  shows  optic  anomalies  consisting  of 
biaxial  twinning  bands  cross- 
ing basal  sections  of  the  uni- 
axial mineral ;  in  these  bands 
the  optic  plane  is  ||  no;  th.- 
biaxial  appearance  is  prob- 
ably due  to  the  combined  ef- 
fect of  several  twinning  la-  j 
mellae  at  various  angles. 

Alter.  Rutile  is  rel- 
atively a  very  stable  mineral. 
Nevertheless,  it  is  found  to 
undergo  various  modifica- 
tions in  nature.  One  of  the 
Tiost  common  is  the  change 
:o  ilmenite.  This  is  a  pro- 
:ess  all  of  whose  stages  can 
je  observed  in  various  sections;  the  ilmenite  forms  about  the 
x>rders  and  then  along  the  cleavage  lines  of  the  mtile.  In  other 
:ases  mtile  may  be  changed  into  titanite, — a  process  which  is 
iometimes  reversed. 

Occur.  Rutile  is  more  widely  distributed  as  a  micro- 
scopic element  of  various  rocks  than  as  crystals  of  megascopic 
iize.  It  is  found  in  igneous  rocks  very  widely  distributed,  but  in 
iuch  rocks  it  is  much  more  commonly  a  result  of  alteration  than 
a  product  of  magmatic  crj-stallization.  It  is  very  abundant  in 
many  metamorphic  rocks,  such  as  amphibolites,  pyroxenites. 
gneiss,  eclogites,  etc.  It  is  likewise  common  in  some  simple 
sedimentary  rocks,  and  in  rocks  produced  by  contact  or  regional 
metamorphisin  from  these.  Finally,  it  is  found  in  many  veins, 
both  metalliferous  and  non-metalliferous.  It  is  then  commonly 
associated  with  quartz,  calcite,  topaz,  pyrite,  sphalerite,  etc. 

DiAG.  Distinguished  by  reddish  brown  to  yellow  color, 
very  high  relief  and  extremely  strong  birefringence.  Also  char- 
acterized by  brilliant  luster,  distinct  tetragonal  cleavages,  and 
high  density. 

ZIRCON. 

Tethaconal  c^  0.6404  (Zr.Si)O- 

Phys.    Char.     Commonly    in    square   prisms,   usually 

elongated  |(  c,  and  terminated  by  unit  pyramids.     Always  crys- 
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ifo 


-T^c: 


!  110 


If 


tallized.  Twinning  on  loi  uncommon.  Cleavage 
sometimes  distinct  ||  no,  indistinct  ||  in. 
G.  =  4.68-4.70.  H.  =  7.5.  Infusible.  Slowly 
attacked  when  in  fine  powder  by  concentrated 
H^SO,. 

Opt.  Prop.    Uniaxial  and  positive.    Re- 
fringence  very  high;  birefringence  very  strong. 
tig  =  1 .9832    Up  =  1 .9302 
ng  —  «p=:  0.053 

^   ,  ..  ,  ,  Figure    188. 

Color  yellow,  brown,  gray,  rarely  green  a  simple  crystal 
or  colorless.     In  thin   section  colorless  to  pale    ^^^"^  ^^  zircon, 
brown  or  gray.    Pleochroism  invisible  in  thin  section,  very  weak 
in  sections  more  than  i   mm.  thick,  with  maximum  absorption 
parallel  to  Z. 

Optical  anomalies  are  unknown  in  the  microscopic  crys- 
tals, but  appear  in  large  crystals.  Zonal  structure  is  frequent  in 
such  cases.  The  mineral  then  appears  biaxial  and  positive,  with 
a  small  optic  angle  (2F=  10°;  «g  =  1.9820,  nm  =  1.9277,  iip  = 
1.9272;  itg  —  np=:  0.0548  in  olive  green  hcccarite  from  Ceylon), 
the  bisectrix  being  parallel  to  the  quaternary  axis.  Mallard  con- 
siders the  common  tetragonal  symmetry  to  be  due  to  twinning, 
often  submicroscopic,  of  monoclinic  individuals.  The  optic  anom- 
alies are  perhaps  due  to  alteration,  being  found  especially  in 
partly  altered  zircon. 

Alter.  Zircon  resists  alteration  to  a  marked  degree; 
but  in  some  cases  it  becomes  hydrous,  and  then  the  specific  grav- 
ity falls  rapidly  from  4.7  to  about  4.1,  and  the  hardness  decreases 
from  7.5  to  about  3 ;  at  the  same  time  the  refringence  decreases 
and  the  birefringence  falls  even  more  rapidly  until  it  disappears 
entirely  in  ma! aeon  with  only  3%  H^O.  When  the  process  con- 
tinues further  iron  is  often  introduced  as  well  as  water.  As 
illustrating  this  process  we  may  tabulate  recent  results  as  follows, 
(values  for  zircon  of  density  4.33  are  only  approximate)  : — 


G. 

4-7 

4.33 
4.06 

Occur. 


n. 


1.9682 


n 


1.9239 


n. 


«. 


0.044 
1.882  0.034 

1.826  very  weak 

Zircon  is  very  widely  distributed  as  an  acces- 
sory constituent  of  igneous  rocks  of  all  kinds,  but  it  is  especially 
common  in  syenite,  granite,  nepheline  syenite  and  diorite.  It 
appears  very  sparingly  in  gabbro,  peridotite,  and  theralite.  It  is 
apparently  more  abundant  in  plutonic  than  in  volcanic  rocks.    It 
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is  also  found  in  many  kinds  of  metamorphic  rocks,  and  by  disin- 
tegration it  reaches  the  sands  and  sediments. 

It  is  one  of  the  very  earliest  minerals  to  crystallize  from 
a  magma,  and  therefore  it  is  found  enclosed  in  many  of  the  other 
rock  minerals.  When  enclosed  by  micas  (especially  biotite)  chlo- 
rite, cordierite,  andalusite,  sometimes  amphiboles  or  pyroxenes  it 
is  surrounded  by  intense  pleochroic  halos. 

DiAG.  Zircon  may  be  distinguished  from  cassiterite  by 
much  weaker  birefringence,  the  mode  of  occurrence  and  chemical 
reactions ;  from  xenotime  by  higher  refringence,  less  perfect  pris- 
matic cleavage,  greater  hardness  and  chemical  reactions;  from 
thorite  by  much  stronger  birefringence,  greater  hardness,  and 
insolubility  in  HCl. 

THORITE. 

Tetragon  al  c  =  0.6402  ( Th ,  S  i )  O., 

Phys.  Char.  In  square  prisms  with  pyramidal  terminations. 
Forms  like  zircon.  Also  massive.  Cleavage  distinct  {|  no.  H.  =  4.5-5. 
G.  =  5.2-5.4,     Infusible.     Gelatinizes  before  but  not  after  calcination. 

Opt.  Prop.  Uniaxial  and  positive.  Becomes  isotropic  upon 
alteration. 

Color  orange  yellow,  brownish  yellow,  brownish  black.  Streak 
light  orange  to  dark  brown. 

Alter.  Very  rarely  found  unaltered.  Upon  alteration  the 
specific  gravity  decreases  to  4.8  or  even  4.4,  and  the  mineral  becomes  hy- 
<lrous,  amorphous,  and  isotropic. 

Occur.  Found  in  syenite  in  Scandinavia;  also  in  Champlain 
iron  district  of  northern  New  York.    Rare. 

DiAG.  Usually  amorphous  and  isotropic  from  alteration.  Con- 
tains thoria. 

CASSITERITE. 

Tetragonal  c  1=  0.672  SnOj 

Phys.  Char.  In  short  prismatic  or  pyramidal  crystals, 
or  in  anhedra.  Cleavage  distinct  ||  100.  Twinning  as  with  riitile. 
H.  =  6.-7.     G.  =  6.8-7. 1. 

Opt.  Prop.  Uniaxial  and  positive.  The  interference 
cross  sometimes  separates  slightly  into  hyperbolas  on  rotation. 

«g=  2.093    «P=  1.997 
7/g  —  np  =  0.097 

Color  brown  to  black;  also  red,  gray,  yellow,  white  to 
almost  colorless.  Color  sometimes  irregularly  distributed  or  in 
bands  or  zones.  Luster  adamantine.  In  thin  section  colorless, 
yellowish,  brown,  or  reddish. 

The  pleochroism  is  of  variable  intensity  in  different  lo- 
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calities;  it  is  usually  imperceptible  in  thin  section;  when  most 
intense  the  colors  are : — 

Z  =  brownish  yellow  to  black 
X  =  golden  yellow  to  iron  gray 

Occur.  Usually  produced  by  the  action  of  mineralizers 
from  acid  granites  in  veins  or  in  pegmatite.  Also  found  in  sul- 
phide veins  and  in  stream  gravels. 

DiAG.  Distinguished  from  rutile  by  its  less  extreme 
birefringence  which  produces  bright  colors,  instead  of  the  indefi- 
nite grays  of  the  higher  orders,  in  very  thin  sections. 

Plattnerite  (PbO^)  occurs  rarely  in  crystals  of  prismatic  hab- 
it ;  usually  massive,  sometimes  globular.  Cleavage  unknown.  H.  =  5.-5.5. 
G.  =  8.5.  Fusible  at  2.  Soluble.  Uniaxial  and  negative.  Translucent  to 
nearly  opaque.  Color  iron  black.  Streak  chestnut  brown.  Found  in 
lead  mines  in  Scotland  and  Coeur  d'Alene  district,  Idaho.  Rare.  Dis- 
tinguished from  other  minerals  of  the  rutile  group  by  mode  of  occurrence 
and  negative  sign. 

Polianite  is  very  rarely  tetragonal  in  crystals  which  are  minute 
and  in  groups;  nearly  always  pseudomorphous  after  manganite  (then 
called  pyrolusite)  ;  often  massive,  encrusting.  CUavage  perfect  ||  no. 
H.  =  6.-6.5.  Pyrolusite  is  soft  because  not  compact,.  G.  =:  4.74-5.03.  Sol- 
uble in  HCl.  Opaque.  Color  steel  to  iron  gray.  Luster  metallic  to 
earthy.  A  common  surface  ore  of  manganese.  Found  in  veins,  and  in 
deposits,  or  disseminated  in  sedimentary  rocks,  commonly  closely  asso- 
ciated with  manganite. 


SALMIAC,  see  halite  group. 

SAPPHIRINE. 

MoxocLiNic  a:b:c::  0.65 :  i :  0.93 

p  =  79°  30' 
Phvs.  Char.  Crystals  tabular  ||  010 
rarely  with  prismatic  planes.  Also  in  lamellar 
aggregates,  or  in  grains.  No  distinct  cleavage. 
Twinning  only  microscopic.  H.  =  7.5.  G.  = 
3.42-3.48.  Infusible.  Insoluble  in  acids;  slowly 
attacked  by  calcium  sulphate. 

Opt.  Prop.  The  plane  of  the  optic 
axes  is  parallel  to  010  and  the  axis  Z  makes  an  too 
angle  of  8°  with  c  in  the  acute  angle  p.  The  op- 
tic sign  is  negative.  The  optic  angle  is  large. 
The  relief  is  high  and  the  birefringence  very 
weak.     Inclined  dispersion  very  distinct  with  p  < 

V. 

(— )   2V  =  6SU9'   (2// =  77°- 84°). 
n^=\.7U2    nn,=  1.7088    «p=  1.7055 


Mg,Al,,Si,0_,, 


ft 


K 


Hp  =  0.0057 


Figure  189. 
Optical    orientRTlon    of 
sapphirine. 
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Color  pale  blue  or  green.  Pleochroism  very  weak  in  thin  sec- 
Lion  in  blue  or  green  tints. 

Z  =:  pale  blue  yellowish  green 

Y  =  pale  blue  bluish  g'reen 

X  =  colorless  pale  greenish  blue 

Occur.  Found  in  micaschists  and  gneiss  in  Greenland  asso- 
ciated with  green  hornblende,  pale  brown  mica,  and  gcdrite;  also  cor- 
licrite,   kornerupine  and  anorthite.     Rare. 

DiAG.  Distinguished  from  corundum  by  the  biaxial  character, 
'rem  lazulite  by  the  weak  birefringence,  from  cyanite,  clintonites  and  blue 
Lmphiboles  by  the  lack  of  cleavage,  and  from  colored  cordierite  by  the 
"ligher  refringence. 

SARCOLITE. 

Tetragonal  r  =  0.887  (Ca,Na2)jAlj(SiO^), 

Phys.  Char.       Crystals     small     resembling     cubo-octahedrons 

highly    modified ;    related    to    scapolite.      H.  =6.      G.  =  2.5-2.9.      Fusible. 

Zielatinizes  with  acids. 

Opt.   Prop.    Uniaxial  and  positive.     Birefringence  strong.     Re- 

Eringence  «  =  i.64.     Color  flesh  red  to  rose  red.     Luster  vitreous. 

Occur.    Found  in  ejected  rock  fragments  at  Vesuvius.      Very 

r-are. 

SARKINITE,  see  flinkite. 
SASSOLITE. 

"Triclinic  a:b:  c:: 0.577 :  i ' 0.528  ^a^^a 

a  =  104°  17'  p  =  92°  33'  y  =  89°  42' 
Phys.  Chak     Crystals  tabular  ||  001,  nearly  hexagonal  in  out- 
line.    Scaly;    stalactitic.     Twinning  with   c  as   twinning  axis.     Cleavage 
perfect  ||  001.    H.  =  1.     G.  =  1.48.     Soluble  in  H^O. 

Opt.  Prop.  The  optic  plane  is  nearly  parallel  with  b;  the  acute 
T^isectrix  X  is  slightly  inclined  to  a  normal  to  001.  Birefringence  rather 
strong.  Optic  angle  small.  2E  =  10°  -  12°.  n=  1.46.  No  visible  dispersion. 
Color  white  or  grayish.     Luster  pearly.     Colorless  in  section. 

Occur.  Found  in  Tuscan  lagoons;  also  a  fumarolic  product. 
Rare. 

Scapolite  Group. 

The  minerals  of  the  scapolite  group  are  silicates  of  alumi- 
num with  calcium  or  sodium,  or  both,  usually  containing  more 
or  less  chlorine.  They  crystallize  in  the  tetragonal  system  with 
very  similar  forms.  The  hardness  varies  from  5.-6.5,  and  the 
specific  gravity  from  2.5  to  2.8. 

The  scapolites,  like  the  feldspars,  form  a  ^^eries  with  a 
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gradual  variation  in  composition  and  in  physical  characters.  The 
silica  increases  with  the  increase  in  soda;  chlorine  increases  at 
the  same  time.  Further,  the  specific  gravity  decreases,  the  solu- 
bility in  acids  decreases,  and  the  refringence  and  birefringence 
diminish  as  the  silica  increases. 

The  composition  may  be  explained  by  the  isomorphous 
combination  of  two  molecules,  namely  the  meionite  molecule 
Ca4Al<,Sie025(Me)  and  the  marialite  molecule  Na4Al3SioOi4Q 
(Ma).    The  minerals  may  then  be  classed  as  follows: — 


Meionite 
Wernerite 
Dipyre 
Marialite 

c  =  0.4393 
c  —  0.4384 
c  —  0.4424 
c  — 0.4417 

MEIONITE. 

Me^Ma^-  Me^Ma^ 
Me^Ma^-  Me^Ma^ 
Me,Ma  -  Me,  Ma, 

12                13 

Me^Ma^-  Me^Ma^ 

Tetragonal  c  =  0.4393  Me^Ma^j  to  Me^Ma^ 

Phys.  Char.  Crystals  short  prismatic  with  pyramidal  ter- 
minations. Also  granular  and  massive.  Cleavage  distinct  ||  100  and  010, 
less  distinct  ||  no.  H.  =  5.5-6.  G.  =  2.70-2.74.  Fusible  with  intumes- 
cence at  3.     Decomposed  by  acids  without  gelatinization. 

Opt.  Prop.  Uniaxial  and  negative.  Refringence  considerable; 
birefringence  strong;  both  decrease  with  increase  of  the  proportion  of 
marialite  present. 

«g=  1-597  to  T.583 

«p=  1.560  to  1.552 

"g  —  Hp  =  0.037  to  0.031 

Colorless  to  while.     Colorless  in  section. 

Incl.  and  Alter.    Similar  to  dipyre. 

Occur.  Found  in  small  crystals  in  cavities  usually  in  lime- 
.<»tone  blocks  at  Vesuvius ;  also  in  crystalline  schist  and  g^neisses.  Not 
connnon. 

DiAG.  Distinguished  from  other  scapolites  by  higher  relief  an<! 
stronger  birefringence;  also  by  the  scarcity  or  absence  of  sodium  and 
chlorine.     See  also  wernerite. 

WERNERITE. 

Tetragonal  c  =  0.4384  Me.^Mai  to  Me^Mai 

PiiYS.  Char.  Crystals  often  coarse,  rough  and  large. 
Also  massive.  Cleavage  distinct  but  interrupted  1 1  100  and  010. 
less  distinct  11  no.  H.  =  c;.-6.  G.  =  2.66-2.70.  Fuses  easilv 
with  intumescence.     Ini])erfectly  decomposed  by  HCl. 

Opt.  Prop.  Uniaxial  and  negative.  Refringence  con- 
siderable; birefringence  rather  strong:  both  decrease  with  in- 
crease in  the  proportion  of  marialite  present. 


IVERXERITE—DIPYRE,  353 

«g=  1-583  to  1.563 
»P=  1-553  to  1.545 

Hg Up  =  0.030   to   0.018 

Color  white,  gray,  bluish,  greenish  or  reddish.  Streak 
5S.     Colorless  in  section. 

Occur.  Found  in  nietaniorphic  rocks  most  commonly 
^stone  where  modified  by  contact  metamorphism.  Often 
ted  with  diopside,  garnet,  titanite,  apatite,  zircon,  etc. 
rite  is  the  common  scapolite. 

DiAG.  Distinguished  from  mcionite  by  lower  relief  and 
•  birefringence,  from  other  scapolites  by  higher  relief  and 
?r  birefringence;  distinguished  from  feldspars,  cordierite 
)isite  by  stronger  birefringence,  uniaxial  character,  and 
«;es;  from  quartz  by  stronger  birefringence,  negative  sign» 
ravages ;  from  prehnite  and  colorless  micas  by  the  uniaxial 
ter ;  from  andalusite  by  the  uniaxial  character  and  stronger 
igence. 

DIPYRE. 

jONal  r  =  0.4424  Me,Majj  to  MciMa., 

Piivs.  CiiAR.  Crystals  long  prismatic,  vertically  striated, 
)yramidal  terminations,  often  rounded,  oval,  etc.  Also 
ir,  massive.  Cleavage  distinct  ||  100  and  010.  II.  =  6. 
.62-2.65.  Fuses  easily  with  little  intumescence.  Only 
r  decomposed  by  acids. 

Opt.  Prop.  Uniaxial  and  negative.  Refringence  and 
Igence  moderate,  both  decrease  with  increase  in  the  pro- 
i  of  marialite  i)resent. 

;/«=  1.562  to  1.5545 
;fp=  1.546  to  1.54^7 
ng  —  //p  :=  0.016  to  0.0128 
Colorless,  milky,  greenish,  gray,  violet,  black.     Distinct 
5  ahvays  due  to  inclusions  or  alterations.     Colorless  in  sec- 

Incl.  Dipyre  usually  has  abundant  inclusions  which 
)mewhat  with  the  nature  of  the  occurrence.  In  limestones 
i5s  dipyre  often  contains  inclusions  of  calcite:  in  black  lime- 
thc  carbonaceous  matter  is  often  found  exclusivelv  as  in- 
s  in  dipyre  if  that  mineral  be  present.  The  dipyre  may 
intain  grains  of  quartz  and  scales  of  mica:  in  other  cases 
:?ns  of  feldsnar,  amphibolc.  garnet,  etc.  In  mica  schists 
often  contains  many  inclusions  of  mica,  tourmaline,  rutile. 
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actinolite,  etc.  Sometimes  these  inclusions  are  oriented  parallel 
with  the  vertical  axis  of  the  dipyre.  In  siliceous  contact  rocks 
(hornstone,  etc.)  dipyre  contains  inclusions  of  mica,  pyroxene, 
tourmaline,  etc.  These  are  usually  without  orientation  and  thus 
produce  a  poikilitic  texture.  Sometimes  they  are  more  abundant 
than  the  dipyre  which  encloses  them. 

Alter.  The  alteration  products  of  dipyre  are  numer- 
ous, including  mica  (probably  damourite),  colorless  or  very  pale 
green  clinochlore  (called  leuchtenbergite),  calcite,  quartz,  cha- 
bazite,  stilbite,  and  sometimes  a  colloidal  material.  It  is  also 
sometimes  metamorphosed  to  a  mixture  of  forsterite  and  spinel. 

Occur.  Dipyre  is  found  in  various  crystalline  schists, 
in  many  rocks  produced  by  contact  metamorphism,  and  in  igneous 
rocks  modified  by  endomorphism. 

DiAG.  Distinguished  from  other  scapolites  (except 
marialite)  by  weaker  birefringence  and  lower  relief,  from  quartz 

■ 

by  stronger  birefringence,  optic  sign,  and  cleavages.  See  also 
werncrite. 

MARIALITE. 

Tetragonal  c  =  0.4417  Me^Ma^  to  Me^^Ma^ 

Phys.  Char.  Similar  to  dipyre  in  physical  characters,  but 
G.  =  2.57,  and  nearly  insoluble  in  acids.  . 

Opt.  Prop.  Uniaxial  and  negative.  Refringence  and  birefrin- 
gence close  to  those  of  quartz. 

»g=<  1.554     Wp=:<1.542 
«g  —  Hp  =  0.010  about 
Incl.  and  Alter.     Similar  to  dipyre. 
Occur.     Found  in  volcanic  rocks  in  Italy.     Rare. 
DiAG.     Distinguished    from    other    scapolites    by    weaker    bire- 
fringence and  lower  relief,  from  quartz  by  optic  sign  and  cleavages. 

SCHEELITE. 

Tr.TRAGONAL  c  =  1-536  CaWO^ 

Com  p.     Molybdenum  sometimes  replaces  considerable  tungsten. 
Phys.    Char.     Crystals    pyramidal,    or    tabular    ||    ooi.      Also 
rcniform,  granular  massive.     Twinning  on  loo  of  both  contact  and  pene- 
tration   types.      Cleavage    distinct    ||    in,    indistinct    ||    loi.      H.  =  4.5-5. 
G.  =  5.9-6.1.    Fusible  at  5.    Decomposed  by  HCl  leaving  a  yellow  residue. 
Opt.  Prop.    Uniaxial  and  positive.     Refringence  high. 

«g=  1.935    Hp  =1.919 
n^  —  Hp  =  0.016 
Color  white,  pale  yellow,  brownish,  greenish,  reddish.     Streak 

white. 

Alter.     Alteration  to  wolframite  is  frequent. 


SCHEEUTE—SELLAITE.  355 

Occur.     Found   in  crystalline  rocks  and  pegmatite  veins  with 
cassiterite,  topaz,  fluorite,  molybdenite,  wolframite;  also  with  gold  ores. 

Stolzite  (PbWO^)  is  isomorphous  with  scheelite,  with  c  = 
1.567.  Crystals  pyramidal;  aggregated.  Cleavage  imperfect  ||  001,  in 
tiraces  ||  iii.  H.  =  2.5-3.  G.  =  7.87-8.13.  Fusible  with  decrepitation 
£it  2.  Decomposed  by  HNO,,  leaving  a  yellow  residue.  Uniaxial  and 
xiegative ;  n^  =  2.2685,  «p  =  2.182 ;  n^  —  S  =  0.0865.  Color  green,  yellow- 
"ish  gray,  brown,  red.     Streak  colorless.     Found  in  veins.     Rare. 

Wulfenittf  (PbMoO^)  is  isomorphous  with  scheelite,  with  c  = 
^•577-  Crystals  varied  in  aspect,  often  tabular  ||  001,  also  prismatic  or 
;|)yrami<ial.  Massive,  coarse  or  fine  granular.  Cleavage  distinct  ||  iii, 
indistinct  ||  001  and  113.  H.  =  2.5-3.  G.  =  6.7-7.  Fusible  below  2  with 
<iecrepitation.  Decomposed  by  HCl.  Uniaxial  and  negative ;  n^  =  2.402, 
"»ip  =  2.304;  n^  —  «p  =  0.098.  Color  wax  yellow,  orange  yellow;  also  green, 
^ray.  nearly  colorless,  brown,  bright  red.  Streak  white.  Found  in  veins 
'>\ith  lead  ores. 

DiAG.     Scheelite    differs    from    stolzite    and    wulfcnite    in    sign 
SLnd  in  much  weaker  birefringence. 

SCOLECITE,  see  zeolite  group. 

SCORODITE. 

Orthorhombic  a.b'.c:  0.866  m  :  0.954  FeAsO^  -f  2H2O 

Phys.  Char.    Crystals  pyramidal,  prismatic,  or  tabular  ||   100; 

aggregated;  earthy.     Cleavage  imperfect  ||   120,  in  traces  ||   100  and  010. 

H.  =  3.5-4.     G.  =  3.1-3.3.      Easily    fusible    with    blue   flame.      Soluble    in 

HCl. 

OiT.  Prop.  The  optic  plane  is  parallel  to  100;  the  acute  bi- 
sectrix Z  is  normal  to  001.  Optic  angle  large;  dispersion  p>v  very 
marked. 

(+)  2E=ii5°43' 
n=  1.84 
Color  leek  green  to  liver  brown.     Streak  white.     Pleochroic  in 
thick  sections  with  Z  colorless  to  pink,  X  bluish  green. 

•  Occur,  Found  with  arsenopyrite,  enargite,  limonite,  pyrite, 
pharmacosiderite,  etc.,  in  limestone,  or  in  cavities,  or  in  veins;  also  formed 
about  geysers. 

SELLAITE. 

Tetragonal  c  =  0.66  MgF., 

Phys.  Char.  Crystals  usually  prismatic;  fibrous.  Cleavage 
perfect  ||  100  and  no.  H.  =  5.  G.  =  2.9-3.1.  Fusible  with  intumescence. 
Soluble  in  pure  H^SO^^. 

Opt.  Prop.  Uniaxial  and  positive.  Refringence  the  lowest 
known. among  minerals,  except  ice  and  villiaumite.     Colorless. 

«g=  1.3897    «p=  1.3780 
«g—Wp  =  0.0117 
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Very  rare. 


Occur.    Found    in    anhydrite    or    sulphur;    also   with    fluorite 
DiAG.    Differs    from    scapolitc   by    its   easy   cleavages   and   its 


optic  sign. 


SENARMONTITE,  see  arsenolite. 


SEPIOLITE. 

MoNocLiNic?  Axial  ratio  unknown  H^Mg^Si^Oj^ 

Phys.  Char.  Unknown  in  distinct  crystals,  although  always 
crystalline.  Occurs  in  earthy  to  porous  compact  masses  or  lamellar. 
Cleavage  perfect  ||  ooi,  giving  flexible  laminae;  parting  apparently  ||  oio. 
H.  =  2.-2.5.  G.  =  2.  Dry  porous  masses  float  on  water.  Often  adheres 
to  the  tongue  on  account  of  a  tendency  to  absorb  hygroscopic  water;  also 
may  absorb  oily  substances,  and  is  therefore  used  for  cleaning  purposes. 
In  the  closed  tui)e  promptly  gives  hygroscopic  water,  but  does  not  decom- 
pose and  yield  its  water  of  constitution  except  at  red  heat.  It  then  gives 
a  burnt  smell,  and  is  transformed  to  a  white  mass  with  H.  =  6.  Before 
the  blowpipe  usually  blackens,  then  turns  white,  and  fuses  at  about  6. 
Gelatinizes  with  HCl. 

Opt.  Prop.    The    negative    acute   bisectrix    is   perpendicular  or 
nearly  perpendicular  to  the  lamellar  cleavage  001.    The  angle  of  the  optic 
axes   is   variable   and   may  even   be  o^    on   account   of 
superposition  of  lamina*.     The  optic  plane  is  parallel  to 
010. 


I 


1.1 


♦•X 
n 


J  I 


i 


010 


(— )    2£  =  ii2°     2F  =  74°± 
Wg>  1-549  (index  of  balsam)  n^,  <  1.549  (index  of 

balsam) 
Color  white,  pink,  greenish  yellow.  More 
transparent  after  immersion  in  a  liquid.  Colorless  in 
thin  section,  but  sometimes  colored  and  pleochroic  in 
thick  laminnc  with  Z  ^  Y  r=  golden  yellow,  X  =  color- 
less to  very  pale  yellow. 

Ino,.  Sepiolite  cften  lias  abundant  inclu- 
sions: they  are  sometime^  largely  composed  of  cal- 
cite  or   dolomite,   with   or   without   silica.     In    Morocco 

the  mineral  contains  a  little  potassium  and  magnesium        Fijrure  190. 

t   ,    .  Optical    orientation 

s"Jpbatc.  of  sepiolite.. 

Occur.     Sepiolite   is    found   in   lake   deposits 
lonned  at   the   same   time   as   g\'psum   and   halite,   according  to   Munier- 
Chalmas.     Also  found  in  thin  layers  in   serpentine. 

Dtag.  The  variety  meerschaum  has  a  characteristic  texture. 
Other  varieties  arc  usually  to  he  distinguished  from  fine  lamellar  kaolin- 
ite  and  scricitc  only  by  abundance  of  magnesia  and  absence  of  alumina. 

SERENDIBITE. 

MoNocLiNic  OR  Tricmxic  (Mg.Ca.Fc) ^^BjjAl^^Si^O^,^ 

Pnvs.    CuAK.     Crystals    six-sided   plates;    granular.*  Twinning 


SERENDIBI TE—AN  Tl  GO  RITE. 


357 


=  3-42- 


■olysynthetic    like   plagioclase.      Cleavage   absent.      H.  —  7.±. 
nfusible.     Insoluble. 

Opt.  Prop.    Sections  normal  to  the  twinning  plane  with  sym- 
metrical extinction  angles  of  3S°-  40°  are  nearly  normal  to  the  acute  bi- 
ectrix  Z.    Refringence  high.     Birefringence  weak. 
(  +  )  2^  =  large 

Color  blue,  light  azure  to  dark  indigo.  In  thin  section  strongly 
leochroic  with  Z  azure  blue;  Y,  X  pale  yellowish  green  to  colorless;  m 
ther  cases  the  colors  range  from  indigo  blue  to  brownish  yellow. 

OccL'R.  Found  with  diopsidc  and  green  spinel  between  granu- 
le and  crystalline  limestone.     Very  rare. 


Serpent 


!  Group. 


The  minerals  of  the  serpentine  group  are  basic  mag- 
lesian  sihcates,  with  iron  or  nickel  in  some  cases.  They  are 
isually  produced  by  alteration  from  ferromagnesian  silicates, 
specially  ohvine.  Usually  massive,  either  fohated  or  finely 
brous.  They  are  often  colloidal  and  impure,  and  both  their  crys- 
al  system  and  composition  are  subject  to  revision.   The  minerals 


.hich  are  here  included  in  this  group  ; 

.Antigorite  Orthorhombic    (Ps 

Chrysotile  Orthorhombic 

Bowiingite  Orlhorhombic 

Xylotile  Orthorhombic 
Deweylite  ? 

Genthite  ? 

ANTIGORITE. 

)rth.  (PsrtDOCunic)  Axial  ratio  unknow 
PiiYS.  Cii.\H.  Crj-stal  form  rare, 
imulating  a  cube  inodificiJ  by  an  octahedron, 
'omplcx  twinning  proiluccs  the  pseudosym- 
ictrj'.  Usually  in  lamellar  aggregates.  Cleav- 
ge  perfect  1 1  100,  easy  1 1  010,  and  001  iti  some 
ases.  Parting  rare  [|  in.  H.  ^  3.-4.  G. 
=  2.55-2.58.  Difficultly  fusible.  Deconi- 
osed  by  HCl  or  H^SO^. 

Opt.  Prop.  The  plane  of  the  optic 
xes  is  parallel  to  010;  the  negative  acute 
isectrix  is  normal  to  100,  that  is,  the  perfect 
leavagc.  The  elongation  of  the  latnclLTe  is 
iways  positive.  The  optic  angle  is  large, 
ut  superposition   of  lamella  is  almost  con- 


;  as  follows 

:ndociibic)  H^Mg^Si^Oj 

H,Mg,Si^Oj 

Ferriferous  antigorite 

•  Ferriferous  chrysotile 

H.jMgjSijO,, 

Nickel  if erous  deweylite 


n        H,Mg,SiA 
ANTIGORITE 


PlKiiro  131. 

Optical    orientaUon 

of  antigorite. 


358 


OPTICAL  MINERALOGY. 


stant,  always  reducing  the  angle,  often  till  it  is  nearly  zero.     Dis- 
persion p>  V  weak. 

(— )2£=  iio'zfc 

«m=  1.570 

ng  —  f/p  =  less  than  0.009 
Color  green  of  various  shades,  grayish,  yellow,  rarely 
white.     Pale  greenish  to  colorless  in  thin  section.       Pleochroic 
only  in  very  thick  sections ;  then : — 

Z  =  pale  green 

Y  =z  X  =  pale  greenish  yellow 
Occur.     Found  commonly  in  peridotites  and  serpentine 
rocks  resulting  from  their  alteration ;  found  also  in  other  igneous 
and  mctamorphic  rocks  as  an  alteration  product  of  olivine,  pyrox- 
ene, amphibole,  and  other  fcrromagncsian  silicates. 

Bastfte  is  a  lamellar  variety  of  antigorite ;  it  is  always 
pscudomorphous  after  j)yroxene,  usually  orthorhonibic,  some- 
times monoclinic  (diopside').  It  forms  by  regular  gradual  devel- 
opment, so  that  one  crystal  of  bronzite  is  replaced  by  one  crystal 
of  bastite  in  which  the  easy  cleavage  too  corresponds  to  the 
(cleavage  or)  parting  010  of  the  rhombic  pyroxene. 

DiAO.  Distinguished  from  chrysotile  by  position  and 
sign  of  the  acute  bisectrix,  weaker  birefringence,  and  larger  optic 
angle;  also  by  lamellar  structure  rather  than  fibrous. 

CHRYSOTILE. 

Ortuorhombic  Axial  ratio  unknown  H^Mg^SijO,, 

PiiYs.  Char.    Usually  in  fibrous  masses  without  crystal 

form.     Fibers  usually  separable  and  flexible.    Prismatic  cleavage 


making  an  angle  of  130°  rarely  visible.  Color 
green,  golden  yellow,  greenish  gray.  H.  = 
2.-3.  G.  =  2.36-2.52.  Density  variable  on 
account  of  porosity.  Fusible  at  6.  Decom- 
posed by  acids  leaving  skeleton  fibers  of  silica. 
Opt.  Prop.  The  plane  of  the  optic 
axes  is  parallel  to  010  and  the  positive  acute 
bisectrix  is  parallel  to  the  elongation  of  the 
fibers,  that  is  parallel  to  c.  The  obtuse 
bisectrix  is  normal  to  100.  The  optic  angle 
is  small  and  superposition  may  make  it  appar- 
entlv  zero.  The  same  cause  often  reduces  the 
apparent  strength  of  the  double  refraction. 


CHRYSOTILE 


oor 


Figure  192. 

Optical    orientation 

of  chrysotile. 
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(+)  2F  =  30^to35° 
n=  1.54  ± 
>*g  —  np=:  0.013 
Color  green,  golden  yellow,  greenish,  gray.       Luster 
often  silky.     In  thin  section  pale  greenish  or  yellow  to  colorless, 
but  in  thick  sections  pleochroism  distinct  with 

Z  =z  green  or  yellow 
Y  =  X  =  greenish  yellow  to  colorless 
Occur.    Found  commonly  associated  with  antigorite  in 
serpentine  rocks;  also  in  veins  in  such  rocks;  less  commonly  as 
a  decomposition  product  of  ferromagnesian  minerals  in  various 
other  rocks. 

DiAG.  Distinguished  from  antigorite  by  position  and 
sign  of  the  acute  bisectrix,  the  small  optic  angle,  and  the  some- 
what stronger  birefringence;  also  by  fibrous  structure,  rather 
than  lamellar.  Distinguished  from  fibrous  amphiboles  by  much 
weaker  birefringence,  lower  relief  and  parallel  extinction. 

BOWLINGITE. 

Orthorhombic  ?  Axial  ratio  unknown  Hydrous  silicate  of  iron, 

magnesium,  aluminum. 
CoMP.      Bowlingite    seems    to    be   a    ferriferous    antigorite,    or, 
more  exactly,  a  hydrated   silicate  of  iron  and   magnesium   with   a   little 
aluminum.     More  or  less  of  the  iron  is  oxidized  to  the  ferric  state  in 
the  yellow  and  brown  varieties. 

Phys.  Char.  Not  known  in  crystal  form  except  as  pseudo- 
morphs  after  olivine.  Also  fibrous  or  fibrolamellar.  Cleavage  perfect  || 
100;  more  rarely  also  transversal  cleavage.  G.  =:  2.29-2.3.  Easily  soluble 
in  HCl. 

Opt.  Prop.  The  plane  of  the  optic  axes  is  parallel  to  010;  the 
negative  acute  bisectrix  is  normal  to  100,  that  is,  the  easy  cleavage.  The 
optic  angle  is  always  small,  often  near  zero.  The  refringence  is  less  than 
that  of  olivine,  and  similar  to  that  of  antigorite,  while  the  birefringence 
exceeds  0.025  i"  the  dark  yellow  varieties. 

( — )  2jB  =  35**  to  40°  maximum 
Wg  —  «p  =  >  0.025 
Color  green,  yellow  to  reddish  brown,  depending  upon  the  state 
of  oxidation  of  the  iron.     In  thin  section  pleochroism  is  always  distinct, 
and  very  marked  in  the  green  varieties,  as  follows : — 
Z  =  green  golden  yellow  dark  reddish  yellow 

Y  =  clear  green  clear  yellow  reddish  yellow 

X  =  greenish  yellow         pale  yellow  reddish  yellow 

Alter.  In  the  alteration  of  olivine  to  bowlingite  the  latter 
often  orients  itself  upon  the  former,  a  single  crystal  of  one  changing  to 
a  single  crystal  of  the  other.  In  this  case  100  of  bowlingite  coincides  with 
001  of  the  olivine,  and  the  optic  plane  of  the  former  is  parallel  to  010  of 
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ihe  latter.    In  other  cases  a  cfyslal  of  olivine  may  be  changed  try  progiti- 

sive  aheralion  to  a   fibrolamclUf   aggregate   of  bowUoffle.      Secondary 
mafcnctile  often   forms  irregular  inclusions  in  bowlingile. 

Occur.     Found   as   an   alleration   prod-  BOWLINGITC 

uct  of  ferriferoits  olivine  in  basic  igneous  rocks. 
Comincn  in  rocks  from  Lake  Superior  region. 

Iddingsite  is  ilescribed  ^s  a  hydrous 
silicaie  of  iron,  magnesium  and  calcium,  which 
\s  perhaps  Ihc  same  as  bowlitigite.  The  two  are 
alike  in  physical  characters,  alike  in  optical  char- 
acters, and  alike  in  their  common  origin  from 
olivine,  and  even  in  the  mode  of  alteration  pro- 
ducing them.  Iddingsile  seems  lo  differ  some- 
what in  ipecific  gravity  (G.  ^2.84),  and  in  the 
presence  nf  calcium,  In  all  other  characters,  in-  Hei^j^^'orieHtBilnrv 
dudine  nmdc  of  occurrence,  it  rexembln  howling-      et    olivine    onj    imwi  — 

,       ,  fnglle,    Ihe    ionarr   al  — 

Itc  very  closely.  i^rlae  to  tl.«  iHttfr. 

DiAG,  niatinguished  from  antigorite  by  color,  pleodiroism.ar:a^ 
much  Ktronger  birefringence.  Also  by  abundance  of  iron.  Distinguish*^ 
from  goethiie,  which  is  another  common  alteration  product  of  olivine  i. 
ceriaiii  localities,  by  rcfringence,  less  than  that  of  olivine,  while  goeth «.  "< 
has  rcfriiigcnce  higher  than  that  of  olivine  Furihcr,  goeihitc  dissalw  - 
in  coUl  dilute  HCI  much  more  rapidly  than  howlingite. 


XYLOTILE. 

Axial  ratio  unknown 


Hydrc 


,   (bro 


skelei. 


\:  Xylolile  may  be  considered  a  ferriferous  chrysot 
silicale  of  iron  and  magnesium  in  which  more  or   less- 

e  oxidized  to  the  ferric  state. 

s.  Ch.is.  Similar  to  bowlingite.  G.  ^  2.56  (green  varie-1 
variety).     Fusible.     Decomposed  by  warm  HCI  leaving 


Opt.  Prop.  The  positive  acute  bisectrix  is  parallel  with  ^^K.h 
elongation  of  llie  fibers,  as  in  chrysotilc.  The  optic  angle  is  small,  "i —  Ii< 
birefringence  is  considerable, 

i  +  )   2E  =  S0''  about 
ttj. — 11^  =  0.026  about 

Crilor  Rfeen  nr  brown.     In  thin   section  the  pleochroism  is  in- 

tense, with   Z  —  very  dark  golden  yellow;  Y  =r  X  ;=  pale  yellowish. 

Occi'H.  Foimd"  sparingly  in  some  serpentine  rocks  and  in 
cryMaiUne   limestone.     Rare. 

Thermophyllite  is  a  hydrous  silicate  of  magnesium,  alumit^  "'" 
and  sodium  ;  cleavage  lamin.t  are  flexible,  inelastic :  H.  ^  2.5.  G.  ==  ^^ 
Fusible  at  6.  Slowly  attacked  by  H„SO^.  Negative  acute  bisectrix:  ;«-aor- 
raal  to  cleavage:  2E  — ao^-zz":  n^— h,  =0.03  it.  Silver  white,  yellovw"'', 
etc.     Luster  pearly.     Found  in  serpentine. 
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DiAG.  Xylotile  is  distinguished  from  chrysotile  by  color,  in- 
tense pleochroism,  and  rather  strong  birefringence.  Distinguished  from 
bowlingite  by  the  position  of  the  acute  bisectrix  with  respect  to  the  cleav- 
age and  fibers,  and  by  the  optic  sign;  also  by  the  fibrous  structure  rather 
than  the  lamellar  or  fibrolamellar. 

DEWEYLITE. 

Orthoruombic?  Axial  ratio  unknown  H,^Mg^Si.O,^ 

Phys.  Char.  Found  in  translucent  masses  having  the  appear- 
ance of  gum.  White,  yellow,  reddish,  or  green,  H.  =  2.-3.5.  G.  =  2.-2.3. 
Gives  much  water  in  the  closed  tube.  Decrepitates  when  heated,  becomes 
opaque,  and  fuses  at  6.    Slowly  attacked  by  HCl. 

Opt.  Prop.  The  angle  of  the  optic  axes  is  quite  small.  The 
sign  is  positive.  .  The  mineral  is  always  finely  fibrous  like  chalcedony;  it 
is  sometimes  perfectly  spherulitic.  The  elongation  of  the  fibers  is  posi- 
tive. 

(-I-)   2£  =  small 

w  =  <i.55 
Color   white,   yellow,   reddish,    green. 

Occur.  Found  in  veins  in  serpentine  rocks  and  in  crystalline 
limestones.     Rare. 

DjAG.  The  microstructure  is  characteristic  of  deweylite  as 
compared  with  the  other  minerals  of  the  group.  Distinguished  from 
chalcedony  by  the  sign  of  the  bisectrix  and  the  sign  of  the  elongation. 

GENTHITE. 

Orthorhombic?  Axial  ratio  unknown  Hjg(Ni,Mg)gSi^Ogj? 

Com  p.  Many  analyses  have  been  made,  but  the  formula  is  still 
quite  uncertain.     Genthite  may  be  simply  a  nickeliferous  deweylite. 

Phys.  Char.  Commonly  found  in  mammillary  or  stalactitic 
forms  with  greasy  luster  or  feel.  Sometimes  earthy  and  rough.  H.  = 
1.-3.  G.  =  2.27-2.87,  varying  with  the  amount  of  nickel  present.  Infusible. 
Decomposed  by  HCl  without  gelatinization. 

Opt.    Prop.     The  angle  of  the  optic  axes  is  very  small.     The 
sign  is  positive.     The  mineral  is  often  finely  fibrous  like  chalcedony  and 
deweylite;   sometimes   spherulitic.     The   elongation   of  the  fibers   is   posi- 
tive.    In  other  cases  it  is  cryptocrystalline  or  amorphous.     In  garnierite, 
#•=  1.59. 

Color  dark  green,  pale  green,  yellow ;  in  thin  section  bright 
^reen,  rarely  yellowish. 

Occur.  Genthite,  or  the  closely  related  if  not  identical  minerals 
garnierite  and  noumcite,  forms  the  chief  ore  of  nickel  in  New  Caledonia. 
CTommon  associates  are  chromite,  other  serpentine  minerals,  olivine,  stea- 
tiite,  etc.     Also  found  with  similar  associates  in  Pa.,  Ore.,  N.  C,  etc. 

Nepouiteis  a  hydrous  nickel  magnesium  silicate  [H^(Ni,Mg).j 
SigO^]  perhaps  related  to  genthite :  it  has  two  cleavages ;  G.  =  2.47-3.24. 
X^efringence  and  birefringence  increase  with  the  nickel  content  from  1.56 
sand  less  than  0.03  respectively  to  i. 62-1. 63  and  0.038.  The  optic  sign  is 
miegative;  the  optic  plane  nearly  parallel  to  the  inferior  cleavage,  and  an 
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optic  axis  is  nearly  normal  to  the  lamination.     Color  greenish,  X  green, 
Z  greenish  yellow.     Found  in  New  Caledonia. 

DiAG.  Genthite  is  distinguished  from  other  members  of  the 
group  by  marked  green  color,  chalcedonic  to  amorphous  texture,  and 
presence  of  nickel. 

SERPIERITE,   see  brochantite.     SEYBERTITE,  see   clintonite 
group.     SIDERITE,  sec  calcite  group. 

SILLIMANITE. 

Orthorhombic  a:b:c::  0.6873 :  i :  ?  Al^SiOj 

PiiYS.  Char.  Crystals  prismatic,  much  elongated  with- 
out terminal  faces.  Prismatic  striations.  Sometimes  even  fibrous ; 
then  often  compactly  interlaced.  Cleavage  very  perfect  ||  100, 
showing  distinctly  in  sections  when  the  crystals  are  not  too  small. 
H.  =  6.-7.  G.  =  3.17-3.24.  Infusible.  Insoluble.  Colored  blue 
by  heating  after  moistening  with  cobalt  nitrate. 

Opt.  Prop.  The  plane  of  the  optic  axes  is  parallel  to 
100,  that  is,  the  plane  of  the  cleavage.    The  positive  acute  bisec- 


trix is  parallel  with  c.  The  elongation  is 
therefore  always  positive.  The  relief  is  marked 
and  the  birefringence  strong.  The  optic  angle 
is  small  and  somewhat  variable.  .  The  dis- 
persion of  the  optic  axes  is  strong,  with  p>7f, 

Ceylon     Morlaix,  France    Saybrook 


SILLIMANITE 


oi^/ 


(  +  )     2V=      31° 

n^  =  1 .6766 

n^  —  1 .6577 

lip  =1.6562 

«g  —  «p  — 0.0204 


26^ 
1.680 
1. 661 
1.659 
0.021 


25° 
1.6818 

1.6612 

1.6603 

0.0215 


ou?     _ 


o/a 


The  variations  in  the  indices  of  re- 
fraction and  the  optic  angle  may  he  due  to  the 
presence  of  pigments.     Thus,  Hlawatsch  has         Figure  194. 

r  ,     .         lit  -11  •  'j.      r  o         Optical    orient.') tlon    of 

found    in   dark    t)rown    siuimanite   from    Say-         siiiimanite. 
brook   ;/k=  1.6773   and   7/p  =11.6549,    while   in   the   pale   brown 
variety  from  the  same  place  ng  =  T.6837  and  np  =  1. 661 2. 

Colorless,  yellowish,  greenish  or  colored  brown  by  scales 
of  biotite  lying  between  the  acicular  siiiimanite  crystals.  Pleo- 
chroism  is  not  perceptible  in  thin  sections.  In  thick  sections  a 
plcochroism  is  to  be  observed,  which  is  often,  if  not  always,  due 

to  the  fine  inclusions  of  biotite,  as  follows : — 

X  =  pale  brownish  pale  to  brownish  yellow 

Y  —  brown  pale  to  grayish  green 
Z  =  dark  brown  violet  blue 
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Incl.  Sillimanite  often  contains  inclusions  of  spinel 
or  biotite  or  glass.  The  spinel  may  be  an  alteration  product  in 
some  cases — either  from  sillimanite  or  from  the  accompanying 
mica. 

Occur.  Sillimanite  occurs  most  abundantly  in  crystal- 
line schists,  gneisses  and  related  rocks;  it  is  found  also  in  eclo- 
gite,  and  some  other  metamorphic  rocks.  In  igneous  rocks  it 
occurs  only  as  a  result  of  absorption  of  foreign  materials.  Also 
produced  by  contact  metamorphism  near  granite. 

DiAG.  Distinguished  from  andalusite  and  zoisite  by  the 
positive  character  of  the  elongation,  the  strong  birefringence, 
and  the  position  of  the  optic  plane  with  reference  to  the  cleav- 
age. Distinguished  from  scapolite  minerals  by  the  cleavage  and 
the  biaxial  character.  Interlacing  needles  arc  characteristic  of 
the  variety  fibrolite. 

SILVER,  see  gold  group.     SMALTITE,  see  pyrite  group. 

SMITHITE. 

MoNocLiNic  a:b:  c::  2.22 :  i :  1.957  AgAsS^ 

^  =  78^8' 
Phys.  Char.    Crystals  apparently  hexagonal,  tabular.     Cleav- 
age perfect  ||  100.    H.  =  1.5-2.    G.  =  4.88. 

Opt.  Prop.  The  optic  plane  is  parallel  to  010;  the  acute  bisec- 
trix X  makes  an  angle  of  about  6°  with  a  normal  to  100  in  the  obtuse 
angle  p.    Refringence  extremely  high;  birefringence  strong. 

(— )  2V  =  65°  ± 
n  =  3.27  ± 
Color   and    streak    scarlet    vermilion,   altering   to   orange    retl. 
Pleochroism  weak  even  in  thick  plates. 

Occur.    Found  in  dolomite.     Very  rare. 

Hutchinsonite  is  related  chemically  to  smithite,  but  contains 
more  elements  [Pb,(Tl,Ag)^As^Sj^].  It  is  orthorhombic  with  a:b:c:: 
1.634:1:0.755.  Crystals  prismatic:  cleavage  good  ||  100.  H.  =  1.5-2. 
Cj.  =  4.6.  Optic  plane  parallel  to  100 ;  acute  bisectrix  X  normal  to  010. 
X^efringence  extremely  high;  91^  =  3.18^,  m^  =  3.176,  Mp  =  3.078;  u^  —  n^  = 
CD. 1 10.  Color  and  streak  scarlet  vermilion  to  deep  cherry  red.  Pleo- 
c^hroism  weak.     Found  with  smithite.     Very  rare. 

SMITHSONITE,  see  calcite  group. 

Sodalite  Group,  y 

The  sodalite  group  includes  four  minerals  which  are  sili- 
crates  of  sodium  and  aluminum,  and  contain  in  addition  either 
chlorine,  sulphur,  or  the  sulphuric  acid  radical.    They  crystallize 


i 
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the  isometric  system  and  may  be  isoiiion>lioua  with  the  gar- 

ts.     Crystals  are  often  dodecahcdral,  but  a.  massive  granular 

iiidition  is  common.    They  arc  sometimes  twinned  on  the  spinel 

,w   (twinning  plane   IiiJ.     Dodecahcdral  cleavage  is  present, 

lilt  not  perfect.     H.  =  5.-6.     G.:^  2.1-2.5. 

The  minerals  of  this  group  are  all  easily  attacked  by 
acids,  even  acetic  acid,  with  the  production  of  gelatinous  silica; 
therefore  in  nature  they  alter  verj'  readily.  They  fuse  at  3.  to  5. 
with  intumescence  to  a  colorless  glass. 

The  minerals  of  the  group  are  as  follows: — 
SodaliK:  (jNaMSiO,  +  NaCl   or)  Na/.\1CI) Al,(SiO,), 

Noidite  t4NaAISiO,-f-Na.SO,  or)      Na,{NaSO.- AI)Al,(SiO.>, 

Hauynile  |2(Na„.Ca)ALSi„6,  +  (Na  .CajSO    or] 

(Na,.Ca),(NaSO/ Al)AIj(SiO,), 
Lazurilc  (N»^,Ca),[(NaS,.NaSO..CI)AllAl^(SiO,). 

SODALITE. 

Isomeric  Na,{AlCl)Al,(SiO.>^ 

Phvs.  Cham.  Crystals  are  usually  dodecah«!roii5,  but  more 
commonly  without  crystal  faces  i"  embedded  grains;  also  in  concentric 
nodule*.  Is  an  alteration  product  from  eleolite.  Cleai'age  dodecahedral 
110  indistinct,  generally  invisible  in  thin  section.  Twinning  with  twin- 
ning plane  ill  not  common.  Fracture  conchoidal.  H.  =S'-6.  G. ^3.14- 
24.  Fusible  at  3^5-A-  to  a  colorless  glass.  In  boiling  water  the  powdered  ' 
mineral  yields  NaO.  Soluble  even  in  acetic  acid,  with  seiiaration  of  ; 
gelatinous  silica.  * 

Opt.  Prop.  Isotropic ;  sometimes  weakly  Inrefringent  about  .' 
inclusions.  The  index  of  refraction  varies  slightly  with  variations  in  the , 
precise   composition. 

n  =  1.483?-  14868 

Colorless,  gray,  yellow,  bhic,  greenish,  pale  red.  In  thin  sec- 
tion colorless,  yellow,  blue,  pink, 

Alteii,  Alteration  is  common.  The  mineral  may  change  t 
a  fibrous  mass  of  zeolites  (natrolite,  hydroneph elite,  etc.),  or  to  a  lame 
lar  aggregate  of  a  micaceous  mineral  (muscovile.  hydrargillite,  diaspore 
Also  it  may  change  to  cancrinite.  lo  garnet,  or  to  a  fibrous  amorphous  si 
stance  of  a  pink  or  a  brown  color.  The  alteration  of  the  mineral  is  of 
accompanied  by  the  formation  of  calcite  and  limonite. 

Occur.  Found  only  in  eruptive  rocks  rich  in  soda,  or,  rai 
in  limestones,  etc.  modified  by  such  rocks.  It  often  accompanies  neph- 
in  phonolites  and  tberalites. 

Diflc.  The  minerals  of  the  sodaliic  group  are  distingu 
from  all  other  monorefringent  substances  (except  volcanic  glass,  fli 
leucite  and  analcite)  by  their  very  low  refractive  index.  They  ar 
tinguished  from  these  substances  by  their  form,  cleavage,  absei 
twinning  structure,  and  chemical  reactions.  The  minerals  of  the  ; 
group   arc    distinguished    one    from    another    by    the    following   te 
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mineral  is  covered  on  a  glass  slide  by  a  little  nitric  acid  which  is  allowed 
to  evaporate  slowly;  in  a  short  time  crystals  of  sodium  chloride  may  form 
(sodalite),  or  crystals  of  gypsum  may  form  (haiiynite) ;  if  neither  of 
these  crystals  form  before,  but  both  form  after  the  addition  of  a  little 
CaClg  we  have  noselite.  Lazurite  is  distinguished  from  the  other  three 
minerals  of  the  group  by  the  evolution  of  hydrogen  sulphide,  when  thus 
attacked,  which  will  blacken  silver  filings.  It  is  further  distinguished  by 
its  mode  of  occurrence,  which  is  as  a  contact  mineral  in  limestone. 

NOSELITE. 

Isometric  Na^(Al  •  XaSO^)  Al2(SiO^)3 

Phys.  Char.  Similar  to  sodalite.  H.  =  5.5.  G.  =  2.25-2.4. 
Fusible  at  5.  to  a  white  glass.  Easily  soluble  in  acids  with  separation  of 
gelatinous  silica. 

Opt.  Prop.  Nearly  always  monorefringent,  but  optic  anomalies 
occur,  which  seem  to  have  some  connection  with  the  presence  of  inclu- 
sions. 

11  =  1.4815- 1.4965 

Colorless,  white,  gray,  lavender  blue,  on  account  of  alterations 
and  inclusions,  yellowish,  brown,  red,  or  black.  In  thin  section  the  blue 
color  is  sometimes  very  bright;  it  is  usually  irregularly  distributed  in 
the  midst  of  colorless  or  paler  colored  portions. 

Incl.  Microscopic  inclusions  are  often  abundant.  They  may 
be  guseous,  liquid,  vitreous,  or  crystalline.  They  arc  sometimes  irregu- 
larly arranged  in  zones  or  along  certain  axes.  The  crystalline  inclusions 
may  be  magnetite  or  ilmenite,  often  with  definite  orientation,  and  some- 
times extremely  abundant. 

Atler.  Alteration  products  are  similar  to  those  of  sodalite. 
The  ferriferous  inclusions  may  also  alter  to  limonite,  and  thus  color  the 
mineral  in  mass  a  yellow  or  brown. 

Occur.  Found  exclusively  in  phonolites,  certain  leucite  rocks, 
and  sinn'lar  igneous  types. 

DiAG.     See  sodalite. 

HAUYNITE. 

Isometric  .  (Na^.Ca)2(Al- NaSO^)AU(SiOp, 

Phys.  Char.  Similar  to  sodalite.  H.  =  5.5-6.  G.  =  2.4-2.5. 
Fusible  at  4.5  to  a  white  glass.  Easily  soluble  in  acids  with  separation 
of  gelatinous  silica. 

Opt.  Prop.  Optic  anomalies  rare;  they  seem  to  have  some  con- 
nection wnth  the  presence  of  inclusions.  The  index  of  refraction  varies 
directly  with  the  percentage  of  CaO. 

»=  1.4930- 1.5090 

Usually  blue.  Also  green,  or,  by  alteration,  yellow  to  red. 
Inclusions  may  produce  a  gray  to  black  color.  In  thin  section  the  blue 
coloration  is  sometimes  very  bright :  it  is  usually  irregularly  distributed. 

Incl.  and  Alter.    Similar  to  noselite. 

Occur.     Found  exclusively  in  phonolites.  theralites,  and  related 


On.    Pnor.    Uniaxial    and    ncB^tive,     Birffringencc    extrem^H 

8lrong. 

",  —  »„  =  0-2513 
Color  white,  or  colored  yellow,  brown,  or  gray  by  impurities. 

Luster  vilrcous.     Colorless  in   section. 

Occur.  Found  with  gypsum,  halite,  glauberite,  etc.,  as  a  sur- 
face formation  in  arid  regions. 

SPAN  GO  LITE. 

RHOMBOHEW1.M,  f  ^2.011  CUg(OH),j(Aia)SO,  +  3HjO 

Phys.  Char,  Crystals  tabular  ||  0001  to  short  prismatic, 
horizontally  striated.  Cleavage  perfect  ||  0001.  H.  =  2.-3.  G.  —  3-14. 
Fusible  at  3  witli  green  flame.     Soluble  in  dilute  acids. 

Opt.  Prop,  Uniaxial  and  negative.  Refringence  liigh;  bire- 
fringence strong. 

If—  '-694     "p^  1.641 
"g  — "1,^0.053 

Color  dark  green.  Luster  vitreous.  Pleochroism  weak  with  Z 
green  and  X  bluish  green. 

Occur,    Found  with  cuprite  and  azurite.     Very  rare. 

SPESSARTITE,  see  garnet  group. 
SPHALERITE. 
Isometric  ZnS 

Phys.    Char.      Ct^stals   tetrahedral,   but   often    mucim. 
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modified  and  complex.  Commonly  massive  cleavable.  Also 
granular,  foliated,  fibrous;  rarely  pulverulent.  Twinning  on  iii 
simple  or  multiple.  Cleavage  perfect  ||  no.  H.  =  3.5-4.  G.  = 
3.9-4.1.  Difficultly  fusible.  Soluble  in  HCl  with  evolution  of  HgS. 

Opt.  Prop.  Isotropic;  rarely  anisotropic,  probably  on 
account  of  strain,  since  anisotropic  areas  are  easily  produced  by 
pressure  with  a  pin  point  on  a  section.  Refringence  extremely 
high,  n  =z  2.3692.  Color  brown,  black,  yellow ;  rarely  green,  red, 
white,  colorless.  Streak  paler.  In  thin  section  colored  varieties 
often  show  zonal  distribution  of  the  color.    Luster  resinous. 

Alter.  Sphalerite  alters  by  weathering  to  goslarite, 
smithsonite,  calamine,  and  sometimes  limonite. 

Occur.  Sphalerite  is  found  abundantly  in  veins,  less 
commonly  disseminated  in  sedimentary  rocks.  It  is  quite  con- 
stantly associated  with  galena ;  also  often  with  chalcopyrite,  tetra- 
hedrite,  calcite,  dolomite,  siderite,  fluorite,  barite. 

Spinel  Group. 

The  minerals  of  the  spinel  group  are  aluminates,  fer- 
rates, chromates,  etc.  of  magnesium,  iron,  zinc,  or  manganese. 
The  minerals  of  the  group  crystallize  in  the  isometric  system ; 
"optic  anomalies"  are  unknown  in  them.  They  occur  commonly  in 
rounded  grains  without  distinct  cleavage.  Crystals  are  usually 
octahedrons,  less  commonly  dodecahedrons,  or  modified  forms  of 
these  types.  Twinning  on  in  is  not  rare,  that  is,  according  to 
the  "spinel  law."  H.  =  5.5-8.  G.  =  35-5. 5-  All  colors  are 
found.    The  more  important  species  of  the  group  are: 


Spinel 

Picotite 
Gahnite 

MgAl^O, 

(Mg,Fe)(Al,Fe,Cr)20^ 

ZnAl^O^ 

Hercynite 
Chromite 
Magnetite 
Franklinite 

Jacobsite 
Magnesioferrite 

FeAUO^ 

FeCr:0, 

FeFe;0, 

(Fe,Zn,Mn)(Fe,Mn)20^ 

(Mn,Mg)(Fe,Mn)20^ 

MgFe^O^ 

SPINEL. 

Isometric  MgAUO^ 

Phys.  Char.  Crystals  octahedrons ;  sometimes  modified. 
Also  in  grains.  Twinning  on  11 1  sometimes  polysynthetic 
Cleavage  imperfect  ||  iii.  Fracture  conchoidal.  H.  =  8.  G.  = 
3.5-3.7;  4.-4.1  in  picotite.     Infusible.  Slowly  soluble  in  H2SO4. 


368  OPTICAL  MINERALOGY. 

Opt.  Prop.  Strictly  isotropic  in  thin  section.  Index  of 
refraction  high,  varying  with  the  composition  and  depth  of  color. 

n=:  1.71-1-73 

Color  red,  blue,  green,  yellow,  brown,  black,  rarely 
nearly  white.  In  thin  section  lighter  shades.  Not  pleochroic. 
The  variety  pleonastc,  which  contains  iron,  is  usually  green,  and 
picotitc,  which  contains  iron  and  chromium,  is  dark  yellowish 
brown  to  greenish  brown. 

Alter.  Usually  unaltered  even  in  much  disintegrated 
rocks.  It  has  been  found  changed  to  muscovite,  to  steatite,  to 
serpentine,  and  to  hydrotalcite. 

Occur.  Spinel  proper,  which  is  the  pure  magnesian 
variety,  is  red,  blue,  pale  green,  or  colorless,  and  occurs  chiefly  in 
crystalline  limestones  and  schists.  Pleonaste  has  been  found 
associated  with  magnetite  in  igneous  rocks,  but  is  common  in 
crystalline  limestones  and  schists;  also  in  zone  of  contact  meta- 
morphism.  Picotitc  is  related  to  chromite  and  occurs  in  basic 
igneous  rocks,  and  in  derived  rocks ;  it  is  also  known  in  crystalline 
schists. 

DiAG.  Distinguished  from  garnet  by  its  octahedral  form 
and  by  the  absence  of  silica.  Picotitc  has  lighter  color,  lower 
density,  and  greater  hardness  than  chromite.  Pleonaste  resembles 
hercynite  but  has  lower  density  and  abundant  magnesia. 

GAHNITE. 

Isometric  ZnAl^O^ 

Phys.    Char.     Crystals    octahedral;  less   commonly    dodecahe- 

dral  or  modified  cnhQ^.      rwinning  plane   ill.  Cleavage  indistinct   |{   iii. 

F'racture   conchoidal.     II.  =  7.5-8.     G.  =  4.-4.6.  Infusible.     Slowly    soluble 

in  H^SO,. 

Git.   Prop.     Isotropic  and  not  pleochroic.     Index  of  refraction 

high.  n  =  1.765 

Coh)r  green  to  hhick ;  rarely  yellowish  or  grayish  brown.  Streak 
grayish.     In  thin  section  lighter  shades. 

Occur.     Rare;  fomid  in  crystalline  schists  and  in  veins. 

DiAG.  Distinguished  from  garnet  by  its  usual  octahedral  form 
and  by  the  absence  of  silica:  only  distinguishable  from  other  green  and 
brown  spinels  by  as*^ociated  zinc  minerals  and  by  chemical  composition. 

HERCYNITE. 

ISOMKTRIC  FeAljO^ 

Phys.    Char.    Found    in    fine    granular    masses.      H.  ^7.5-8. 
G.  =  3.91-3.95.     Infusible.     Partly  fusible  with  soda  to  olive  green  mass. 
Orr.  Prop.     Isotropic  in  thin  section.     Index  of  refraction  high. 

n  —  1.749 


HERCYNITE—MA  GNETITE. 
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Color  black.  Streak  green.  In  thin  section  green  without  plco- 
chroism. 

Occur.  Rare;  found  especially  in  contact  metamorphic  rocks 
rich  in  alumina. 

DiAG.  Distinguished  from  pleonaste  by  greater  density  and 
more  abundant  iron. 


CHROMITE. 


FeCr^O, 


Isometric 

Phys.  Char,     Crystals  rare.    Octahedrons,  sometimes  modified. 
Usually  massive,  granular.     Cleavage  unknown.     Fracture  uneven.   H.  = 
5.5.     G.  =  4.32-4.57.     Infusible  except  in  reducing  flame  where  it  is  fu- 
sible at  6,  and  becomes  magnetic.     Insoluble. 

Opt.  Prop.     Isotropic.     In  thin   section   translucent  to  opaque. 
Index  of  refraction  high. 

n  =  2.0695 
Color   black.      Streak   brown.     Luster   submetallic   to   metallic. 
X»i  extremely  thin  flakes  brown,  reddish  brown,  yellowish  red.     Not  pleo- 
crliroic. 

Occur.    Found  as  a  primary  mineral  in  basic  igneous   rocks, 
in  derived  rocks,  such  as  serpentine.    Also  found  in  crystalline  schists 
nd  in  dolomite.    It  occurs,  further,  in  some  meteorites. 

DiAG.    Closely   resembles   picolite.    which   has   a   lighter   color, 
lower  specific  gravity,  and  greater  hardness.     Distinguished  from  mag- 
etite  by  absence  of  blue-black  luster  and  of  strong  magnetism. 

MAGNETITE. 

XsoMETRic  FeFe204 

CoMP.    Magnetite  varies  in  compositio;i  through  rather 

'Xvide  limits;  not  only  may  the  ferrous  iron  be  replaced  by  more 

^Dr  less  Mg,  Mn,  more  rarely  Ni,  but  the  ferric  iron  may  be 

^•eplaced  by  more  or  less  Al,  Mn,  or  small  amounts  of  Cr,  V. 

-Again,  TiOj  may  be  present  in  notable  amount.     Finally,  the 

»atio  between  FeO  and  FcjO^  is  normally  1:1,  but  the  FCoOg  may 

increase  till  the  ratio  becomes   i  :  2, 

^r  I  :  3,  or  even  i  :  4. 

Phys.  Char.  Crystals  com- 
monly octahedrons;  also  dodecahe- 
drons more  or  less  modified;  cubes 
quite  rare.  Also  massive,  laminated 
or  granular.  Twinning  plane  iii, 
sometimes  in  polysynthetic  lamellae. 
Qeavage   indistinct;    parting   octahe-  Figure  195. 

dral  often  well  developed.     Strongly        ^^'"p^^  magntiiti!"™  °' 
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magnetic ;  sometimes  has  polarity.  H.  =  55-6.5.  G.  =  5.17- 
5.18.  Fusible  at  6.  Demagnetized  by  the  oxidizing  Rame.  Sol- 
uble in  HCI. 

Opt.  Prop.  Opaque  in  all  artificial  sections.  Isotropic. 
Index  of  refraction  higli. 

Color  iron  black.  Streak  black.  Luster  metallic  to  sub- 
metallic.  In  extremely  thin  flakes  between  cleavage  lamellae  of 
mica  it  is  translucent  and  pale  brown  to  black.  It  is  of  a  blue- 
btack  color  in  reflected  light. 

Alter,  Magnetite  alters  to  hematite,  limonite  or  sider- 
ite. 

Incl.  Apatite  and  zircon  occur  as  inclusions  in  magne- 
tite in  some  igneous  rocks.  By  dissolving  the  enclosing  magne- 
tite ilmenite  has  been  found  within  so  oriented  that  the  trigonal; 
axes  of  the  two  minerals  are  parallel.  In  other  cases  rutilc 
needles  have  been  'found  lying  parallel  with  the  octaliedral  edges, 

OccL'R.  Magnetite  is  very  widespread  in  its  occurrence 
in  igneous  and  metamorphic  rocks.  It  is  found  sparingly  in  acid 
rocks,  but  quite  abimdantly  in  some  basic  types,  even  forming 
masses  of  commercial  importance  associated  with  basic  igneous 
rocks.  Similar  masses  are  sometimes  formed  by  mctamorphism 
of  deposits  of  limonite  and  hematite.  It  is  one  of  the  earliest 
minerals  to  solidify  from  magmas,  associated  in  time  with  apatite 
and  zircon,  and  commonly  enclosed  in  the  ferromagnesian  sili- 
cates. Recrystallization  of  augite  at  high  temperature  results  in 
parantorphs  of  hornblende  and  biotite  with  borders  of  magnetite; 
cleavage  lines  of  the  transformed  pyroxene  may  be  marked  also 
by  magnetite. 

DiAC.  Magnetite  is  distinguished  from  hematite  and 
chromite  by  its  blue-black  color  in  reflected  light.  It  is  distin- 
guished from  graphite  by  its  crystal  form,  hardness,  and  usually 
better  metallic  luster.  It  is  distinguished  from  ilmenite  by  its 
crystal  form,  strong  magnetism,  and  ready  solubility  in  HQ. 
Ilmenite  alters  to  leucoxene,  but  this  may  also  develop  from  titan- 
iferous  magnetite. 

FRANKLINITE. 

fsoMETBic  (Fe.Zn,Mn)(Fe,Mn)„0, 

Phys.  Chab.  Crj'Slals  octahedral,  often  rounded;  also  gran- 
ular. Parting  octahedral.  Slightly  magnetic,  H.  =  S-5-6-S-  G.  =  S.07- 
5.22.     Infusible.     Reads  for  Mn  and  Zn.     Soluble  in   HQ. 

Opt,  Prop.    Opaque  in  thin  section.     Index  of  refraction  high. 


I 


FRANKLINITE—STA  UROLITE. 
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Color  iron  black.  Streak  dark  reddish  brown  or  black.  Luster 
metallic. 

Occur.  Franklinite  occurs  in  calcite  associated  with  zinc  and 
manganese  minerals  at  Franklin  furnace,  N.  J.,  ami  elsewhere:  rare.  The 
variety  jacobsite  (Mn.Mg)  (Fe.Mn)20^,  with  G.  =  4.75,  blackish  brown 
color  and  brilliant  luster,  is  found  in  crystalline  limestone  in  Sweden. 

DiAG.  Only  distinguished  from  magnetite  by  associated  min- 
erals, less  magnetism,  streak,  and  chemical  tests  for  Mn  and  Zn. 

MAGNESIOFERRITE. 

Isometric  MgFe^O^ 

Phys.  Char.  Crystals  simple  and  modified  octahedrons.  H.  — : 
6.-6.5.    G.  =  4.57-4.68. 

Opt.  Prop.  Opaque  in  thin  section.  Index  of  refraction  high. 
Color  and  streak  black.     Luster  metallic. 

Occur.  Found  associated  with  crystals  of  hematite  about 
fumaroles;   rare. 

DiAG.  Only  distinguished  from  magnetite  by  chemical  tests 
for  Mg. 

SPODUMENE,  sec  pyroxene  group. 

STAUROLITE. 

Orth.  a:b:c::  0.4723 :  i : 0.6807  Fe( AlOH)  ( A10),(SiOj2 ? 
Phys.  Char.  Crystals  short  prisms  with  base  and 
brachypinacoid.  Anhedral  forms  rare.  Cruciform  twins  com- 
mon, the  twinning  plane  either  032  resulting  in  nearly  rectangular 
crosses,  or  232  giving  a  cross  w-ith  an  angle  of  60**  31'.  Cleavage 
distinct  ||  010,  in  traces  ||  no.  H.  =:  7.-7.5.  G.  =  3.65-3.75. 
Infusible.     Slowly  attacked  by  H2SO4.    Insoluble  in  cold  HF. 


Opt.  Prop.  The  plane  of  the  op- 
tic axes  is  parallel  to  100 ;  the  positive 
acute  bisectrix  is  normal  to  001.  The  refrin- 
gence  is  high,  but  the  birefringence  is  not 
strong.  The  angle  of  the  optic  axes  varies 
from  88°  30'  to  about  90°.  The  axial  dis- 
persion is  weak  with  p  >  v.  The  angle  of 
the  optic  axes  decreases  with  increase  of 
temperature. 

(+)  2F  =  88°  46' 

«g  =  1.746      Hm  =  1. 741       «P  =  1736 

fig  —  tip  =  o.oio  to  0.015 
Color     dark     reddish     brown     to 
brownish     black     and     yellowish     brown. 


STAUROLITE 


00/ 


010 


Figure    190. 
Optical    orientjition    of 
stuurolite. 
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Streak  iincolored  to  gray.  Luster  subvitreous.  Pleochroism  is 
always  visible  in  thin  section,  but  the  intensity  is  variable,  and 
greater  around  inclusions.    The  absorption  is  Z>Y>X. 

Z  =  golden  yellow 
Y  =:  pale  yellow 
X  ^  colorless 

Incl.  Staurolite  very  frequently  contains  abundant  in- 
clusions of  quartz  in  anhedral  forms;  inclusions  of  rutile,  tour- 
maline, garnet,  etc.  also  occur.  In  the  limestones  it  is  sometimes 
filled  w'ith  carbonaceous  inclusions;  these  are  rarely  found  regu- 
larly arranged,  as  in  chiastolite. 

Alter.  Staurolite  alters  to  a  green  mica  of  rather  large 
optic  angle.     It  also  changes  to  chlorite. 

Occur.  Staurolite  occurs  in  crystalline  schists,  espe- 
cially mica  schists  and  phyllitcs.  Its  common  associates  are  gar- 
net, cyanite,  andalusite,  and  sillimanite. 

DiAG.  In  thin  section  staurolite  is  characterized  by 
strong  pleochroism  in  golden  yellow  tints  with  maximum  absorp- 
tion parallel  >vith  the  positive  elongation,  together  with  parallel 
extinction  and  weak  birefringence.  The  cr}'stal  forms  and  twins 
are  also  quite  characteristic. 

STIBIOTANTALITE. 

Orthorhombic  a:  b:  c::  0.7995  :  i '  0.8448  (SbO)2(Ta.Nb)20^ 

Phys.  Char.  Crystals  of  varied  habit,  often  flattened  ||  100; 
sometimes  hemihedral.  Cleavage  very  perfect  ||  100,  indistinct  ||  OIO. 
IT.  =  5.-5.5.  G.  =  6.-7.4,  varying  with  varying  percentage  of  Ta  and  Nb 
present.     Fusible  at  4.     Insohible,  except  in  HF. 

Opt.  Prop.  The  optic  plane  is  parallel  to  100;  the  acute  bi- 
sectrix Z  is  normal  to  001.  The  refringence  is  extremely  high;  the  dis- 
persion p<izf  is  strong,  increasing  with  increase  of  Nb. 

Ta.^0.,  39^^  Ta..O,  22.5% 

(+)    2y  =  7S°5'  2F  =  73**  25' 

n^  =  2.4568  n^  =  2.4588 

«m  =  2  4039  «m  =  2.4190 

«p  =  2.3742  «p  =  2.3977 

ii^  —  "_  =  0.0826       ?r,  —  >/„  =  o.o6ii 
Color   dark   brown.     Luster   brilliant,    resinous   to   adamantine. 

Resembles  some  sphalerite  very  closely. 

OcriR.     Found    in    pegmatite    with    tourmaline,    beryl,    quartz, 

etc.     Very  rare. 

Columbite  fFoCTa.Xb).,0,.l  is  isomorphous  with  stibiotanta- 
lite,  with  a:b:  c::  0.8285  :  i :  0.8897 ;  holohedral ;  crystal^  short  prismatic. 
or  tabular  ||  100;  massive.  Cleavage  distinct  {|  100.  indistinct  ||  010. 
H.  =  6.     G.  =  5-3-7-3,   varying   with   composition.     Infusible.     Nearly  in- 
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soluble.  Usually  opaque,  sometimes  reddish  brown  and  translucent.  Color 
iron  black  to  gfrayish  or  brownish  black,  often  iridescent.  Streak  dark 
red  to  black.  Luster  often  brilliant.  Found  chiefly  in  pegmatite,  often 
with  wolframite,  beryl,   feldspar,  cassiterite,  etc. 

STIBNITE. 

Orthorhombic  a:b:c::  0.993 :  i :  1.018  SbjS. 

Phys.  Char.  Crystals  long  prismatic,  vertically  striated, 
often  in  acicular  radiating  groups ;  massive,  columnar,  granular. 
Cleavage  perfect  !|  010,  imperfect  ||  100  and  no;  gliding  plane 
001.     H.  =:  2.    G.  =  4.52-4.62.    Fusible  at  I.    Soluble  in  HCl. 

Opt.  Prop.  Nearly  opaque,  but  translucent  to  red  and 
infra  red  rays ;  in  such  light  the  optic  plane  is  parallel  to  100,  the 
negative  acute  bisectrix  is  normal  to  001,  the  optic  angle  is  small, 
the  refringence  extremely  high,  the  birefringence  extremely 
strong,  and  the  dispersion  extreme. 

(-)  2F  =  25°  45' 
«g  =  4303    Wm  =  4046    Wp  =  3-^94 

«^ Mp  =  1. 109 

Color  and  streak  steel  gray,  subject  to  black  tarnish. 
Luster  metallic,  often  splendent. 

Alter.  Oxidation  of  stibnite  produces  kermesite  or 
valentinite. 

Occur.  Found  commonly  in  veins  with  sphalerite, 
galena,  cinnabar,  barite,  quartz,  etc.  Also  found  disseminated  in 
limestone. 

STILBITE,  see  zeolite  group. 

STOKESITE. 

Orthorhombic  a:  6:  c:  10.346:  i  10.803  HjCa(Si,Sn)^O^j 

Phys.  Char,  Crystals  pyramidal,  resembling  gypsum.  Cleav- 
age perfect  ||  no.  imperfect  ||  010.    H.  =6.     G.  =  3.185. 

Opt.  Prop.  The  optic  plane  is  parallel  to  010;  the  acute  bisec- 
trix Z  is  normal  to  001.    Dispersion  p<r.     Colorless. 

(-f )  2V  =  69°  30'     (2E  =  134°) 
tij  =  1.619     fi^  =  1. 6125     lip  =  1.609 

W^—Wp-.-O-OIO 

Occur.    Found  with  axinitc  in   Cornwall.     Very  rare. 

STRUVITE. 

Orthorhombic  a:  6:  c:  :o.566:  i  :o.9I2  NH^MgPO^ -f  6H,0 

Phys.  Char.  Crystals  hemimorphic.  varied  in  habit.  Twin- 
ning on  OCT.  Cleavage  perfect  |{  oot.  imperfect  ||  010.  H.  =  2.  G.  = 
1.65-1.7.     Easily  fusible  with  green  flame.     Soluble. 
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Opt.  Prop.  The  optic  plane  is  parallel  to  ooi ;  the  acute  bisec- 
trix Z  is  normal  to  oio.  Optic  angle  somewhat  variable;  dispersion  p<r 
marked. 

(-h)  2E  =  42°'6o\  usually  60°  d= 


ii„=  1.502 


Colorless,  yellnwish,  brown.     Luster  vitreous. 

Occur.     Found  especially  in  guano;  easily  produced  artificially. 

SULPHOBORITE,   see   kieserite. 

SULPHUR. 

Orthorhombic  a:b:  c:: 0.813 :  i :  1.903  S 

PnYS.  Char.     Ci^'stals  usually  pyramidal;  also  thick 

tabular,  or  modified.    Massive,  stalactitic,  pulverulent,  encrusting. 

Twinning  on  loi  sometimes  interpenetrated;  also  on  no  or  on 

rare.     Cleavage  imperfect   ||   001,   no  and   in.     H.  =r  1.5-2.5. 

G.  =  2.05-2.09.    Melts  at  108°  C.  and  burns  at  270°  C.    Insoluble 

in  acids;  soluble  in  CSo. 

Opt.  Prop.  The  optic  plane  is  parallel  to  010;  the  acute 

bisectrix  Z   is  normal  to  001.     Refrin- 

gence  very  high ;  birefringence  extremely 

strong.      Optic    angle   large;   dispersion 

P<v. 

(+)  2^  =  69°  5' 

iig  =  2.2405      firn  =  2.0383      np  =  1.9505 

Hg «p  =:  0.290 

Color  vellow ;  rarely  brownish. 


SULPHUR 

OOf 


ZA 


greenish,  grayish.    Streak  white.    Luster     foo 
resinous. 

Altkr.  Sulphur  oxidizes  slow- 
ly to  sulphurous  and  sulphuric  acids 
which  yield  sulphates. 

Occur.  Found  especially  in 
deposits  of  gypsum ;  also  abundant  about 
volcanoes.  Less  abundant  in  coal  de- 
posits, veins,  etc.,  as  a  result  of  reduc- 
tion of  sulphides  or  sulphates.    Deposited  by  some  hot  springs. 

SYLVITE,    sec    halite    group.      SYMPLESITE,    see    vivianite. 
SYNADELPHITE,  sec  flinkitc.     SYNCHYSITE.  see  parisite. 


J 


Figure    197. 

Optical    orientation   of 

sulpliur. 


SYNGENITE. 


MONOCLINIC 


aibici:  1.370: 1:0.874 


K,Ca(SO^),  +  HjO 


SYNGENITE—TALC. 
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Phys.  Char.  Crystals  prismatic,  flattened  ||  loo.  Twinning 
on  100.  Cleavage  perfect  ||  no  and  loo.  H.  =  2.5.  G.  =  2.6.  Melts 
over  Bunsen  burner  with  violet  flame.     Partly  soluble  in  H^O. 

Opt.  Prop.  The  optic  plane  and  the  obtuse  bisectrix  Z  are 
normal  to  010;  XAc  =  -f87**.  Dispersion  p< v. marked.  Colorless  to 
white. 

(— )    2£  =  44°23'     (2F  =  26*>44') 
#1^=1.5183    «^  =  1.5170    tip  =  1.5000 
Wg  —  «,,  =  0.0183 
Occur.    Found  in  salt  mines  with   halite,   gypsum   and   anhy- 
drite.    Rare. 


TALC. 


H,Mg3(Si03), 


TALC 


Orthorhombic  or  monoclinic  ( ?) 

Axial  ratio  unknown 
PiiYS.  Char.  Crystals  unknown  except  rare  tablets 
hexagonal  or  rhombic  in  outline,  which  may  be  grouped  in 
rosettes.  Usually  in  more  or  less  compact  foliated  masses;  also 
somewhat  granular,  fibrous,  or  cryptocrystalline.  Cleavage  per- 
fect 1 1  OQi ;  laminae  flexible  and  elastic.  Percussion  figure  as  in 
the  micas,  but  with  its  lines  perpendicular  to  the  faces  010,  no 
and  1 10.  Twinning  rare,  producing  pseudocubic  forms.  H.  =  i. 
G.  =  2.7-2.8.  Fusible  after  whitening  and  exfoliation  at  6  to 
white  enamel.     Insoluble. 

Opt.  Prop.    The  plane  of  the  optic  axes  is  parallel  to 
100;  the  negative  acute  bisectrix  is  nearly  or  quite  normal  to  001. 
Refringence     moderate :     birefrin- 
gence strong.      The  optic  angle  is  ■ 
small,    but    the   apparent   angle    is 
sometimes  reduced  even  to  0°   bv 
Superposition     of     laminae.     Axial 
dispersion  noticeable,  p>v.    Color- 
less in  thin  section. 

(— )  2E  =  6°  to  40°. 

►»«=i-589  «m=i.589(?)    «P=i-539 
Wg  —  np  =  0.050  to  0.035 

Color  pale  green,  white. 
(greenish  gray  to  dark  green ; 
reddish  by  alteration.  Luster  pearly. 
Colorless  in  thin  section. 

Occur.  Talc  occurs  most  abundantly  in  crystalline 
schists,  where  it  may  form  rock  masses  (steatite,  or  soapstone) 
with  other  minerals,  as  tremolite,  chlorite,  present  merely  as  im- 


-o  ZL'l$TcZO'o~ 


O/O 


Fisruro  198. 
Optical   orientation  of  talc. 


purities.  It  is  found  in  other  rocks,  as  serpentine,  ciilorite  schist, 
dolomite.  In  basic  igneous  rocks  it  is  an  aheration  product  o  C 
olivine,  enslatite,  tremolite,  but  is  not  common. 

Thalile*  is  a  related  mineral  found  in  basic  amygdaloidal  rO(=i«^^ 
of  the  Lake  Superior  region ;  analyses  show  43  to  48%  SiO^,  5  to  ^  ^^Wi 
AI,Oj,  2.1  to  i.fi  FCjO,,  23-3-24.1  MgO.  0.55-0.81  NajO-f  KjO,  16  lo  20.—^^, 
HO.  Ii  is  finely  fibrous,  amorphous  in  appearance,  with  H.  =^1.3  a. -^c-^d 
G.'=2.20.  Color  while  10  gray.  It  gelatinizes  with  HCI.  Usually  ri — m  ^1 
tains  foreign  inclusions.  Optically,  the  mineral  is  distinctly  fibrous,  ^l  ^  if 
somewhat  vermicular.  The  sign  oi  the  elongation  and  of  the  mine  -^tr-al 
is    positive.     The    extinction    seems    to    be   parallel.     The    opiic    angle  is 

small. 

DiAG.    Talc  differs  from  pyrophyllite  and  muscovite  in 

its  small  optic  angle ;  it  differs  from  brucite  in  its  sign  and  bia>»d  "ial 
character,  as  well  aS  its  insolubility.  Talc  is  not  readily  dis«r  -m-n- 
guisbcd  optically  from  daniourite  (or  sericite),  but  its  indices  of 
refraction  are  somewhat  lower;  other  distinctions  are  based  on 

hardness  and  chemical  composition. 

,     TARBUTTITE. 

Trutlinic  n:6:c::o.9383:i;  1.3204  Zn^fOH) 

a  =  ioa°37'  /3  =  i23''S2'  y  =  87°as' 
Phvs,     Char.     CryslaU    varied    in    habit,    with    ptnacoids. 
pyramids   prominent.     Often   in    sheaf-likc   aggregates.      Cleavage   pcr 
II  001.     H.^3.5-4.     G.  =  4.I2,     Soluble  in  dilute  HO.     Readily  fn?il»-l 
Opt.  Prop.    The  optic  plane  makes  angles  in  001  of  33°     ■« 
b  and  ss°  with  a;  the  acute  bisectrix  X  is  inclined  about  40°  to  a  n<>»~ 
to  001  toward  2t[.     Extinction  in  010  makes  angles  of  25°  with  a 
10°   with  c;  in   100  it  makes  angles  of  26°   with  c  and  14°   with  fr. 
fringence  high;  birefringence  very  strong. 

(— )   2£  =:  80°  to  90° 
«g>  1.706     v=?     "p<i«S 
n,—Bp>  0,041 
Colorless  or  tinted  green  by  copper 
Occur.    Found  in  cellular  limonite 
also  with  bones;   rare. 

TELLURITE. 

Orthorhombic 


MBIC  ii:6:c::0.4S7:  I  :0-469  T(^^. 

Phvs.  Char.  Crystals  prismatic,  acicular,  or  tabular  ||  or^  * 
(ufts  or  radiated  masses.  Cleavage  perfect  [|  010.  Flexible.  H,  ==^ 
=  5.9.     Fusible.     Sublimes  at  high  temperature. 

Opt.  Prop.    The  optic  plane  is  parallel  to  100;  the  acnte  bisec' 
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trix  X  is  normal  to  010.     Refringeiice  very  high.     2//^  =  140°  8'.     Color 
white  to  yellow. 

Occur.    Found  with  native  tellurium  in  veins.     Very  rare. 

TEPHROITE,  see  olivine  group. 

TETRAHEDRITE. 

Isometric  Cu^Sb^S. 

Com  p.  Arsenic  is  usually  present  and  thus  there  is  a  gradation 
to  tcnnantite  (Cu^As.,S-),  which  is  included  in  the  description  following. 
Further,  more  or  less  copper  may  be  replaced  by  iron,  zinc,  silver,  mer- 
cury, lead,  or  rarely  cobalt  or  nickel. 

Pnvs.  Char.  Crystals  tetrahedral,  often  modified.  Massive 
granular.  Twinning  on  iii,  or  rarely  100.  Cleavage  none.  H.  =  3.-4.5. 
G.  =  4.4-5.1.     Easily  fusible.     Decomposed  by  HNO^. 

Orr.  Prop.  Opaque  to  translucent.  Color  gray  to  iron  black, 
rarely  purple.  Streak  gray  to  brown  or  red.  In  thin  section  bright  red 
to  opaque.     Luster  metallic,  often  splendent. 

Occur.  Found  chiefly  in  veins  with  other  copper  ores,  and 
with  pyrite,  galena,  sphalerite,  and  various  silver  and  gold  ores. 

THALfiNITE 

MoNOCLiNic  a:  &:  c: :  1.154:  I  :o.6o2  H.,Y^Si^Ojj 

^  =  8o°2' 

Phys.  Char.  Crystals  tabular  ||  100  or  prismatic.  Cleavage 
absent.     H.  =  6.5.     G.  =  4.23. 

Opt.  Prop.  The  optic  plane  and  the  obtuse  bisectrix  Z  are 
normal  to  010;  the  acute  bisectrix  is  nearly  normal  to  100.  Color  flesh 
red. 

(_)    2V  =  67^  35' 

"g  =  17436    n.„  =  1.7375    «p  —  1731^ 
n^  —  n^  -0.0124 
Occur.     Found   with   fluocerite   in    Sweden.     Very   rare. 

THAUMASITE. 

Hexagon.al         Axial   ratio  unknown         CaCO.  •  CaSO.  •  CaSiO,,  •  I5ll.,0 

Phy.s.  Chak.  Prismatic  fibers;  also  massive,  compact,  crys- 
talline. Cleavage  longitudinal  in  traces.  11.3=3.5.  G.  =  1.877.  Infu- 
sible, but  swells  before  the  blowpipe  and  colors  the  flame  red.  Decrepi- 
tates and  gives  water  in  closed  tube.     Soluble  with  effervescence  in  acids. 

Opt.  Prop.  Uniaxial  and  negative.  Refringence  quite  low, 
but  birefringence  strong.     Elongation   negative. 

Mg=  1.507     «p=  1.468 
n^  —  nj^  =  0.039 

Color  white:   ln«?tcr  greasy,   dull.     Colorless  in  section. 

Occur.     Rare;   found  as  vein  material   in   eclogite  in   Sweden. 

Diag.  The  very  low  indices  of  refraction  with  strong  double 
refraction  and  imiaxial  negative  characters  are  quite  distinctive. 
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THENARDITE. 


Orthorhombic  aibici: 0.598 :  i :  1.252  Na  SO^ 

Phys.  Char.  Crystals  pyramidal,  short  prismatic,  or  tabular 
II  001.  H.  =  2.-3.  G.  =  2.68-2.69.  Gives  yellow  flame  color.  Soluble 
in  HjO. 

Opt.  Prop.  The  optic  plane  is  parallel  to  001 ;  the  acute  bi- 
sectrix Z  is  normal  to  100.  Optic  angle  very  large;  dispersion  p>v 
weak.     Color  white. 

(+)    2£  =  i52°42'Li    (2F  =  83**5'Li)  v. 

«„=  1.470 
Occur.    Deposited  from  salt  lakes,  often  associated  with  hank- 
site,  glauberite,  ulexite,  etc.     Also  formed  about  volcanoes. 

THOMSENOLITE.  see  cryolite.     THOMSONITE,  see  zeolite 
group.     THORITE,  see  rutile  group. 


TITANITE  (Sphcnc). 


MONOCLINIC 


CaTiSiO, 


a:b:  c:: 0.7545 :  i : 0.8543 
)9  =  60**  1/ 
Phys.  Char.  Crystals  often  wedge  shaped  and  flattened 
001,  but  the  forms  are  very  varied.  They  may  be  elongated  || 
c,  or  1 1  a,  or  simple  pyramidal  forms.  Sometimes  massive.  Twin- 
ning plane  often  100;  also  221,  in  polysynthetic  lamellae,  giving 
an  easy  parting.  Cleavage  distinct  ||  no,  difficult  ||  100  and  T12. 
Parting  ||  221  due  to  twinning  lamellae.  H.  =:  5.-5.5.  G.  = 
3.4-3.56.  Fusible  at  3.  Imperfectly  soluble 
in  IICl;  reacts  for  Ti.  Completely  soluble 
in  H2SO4. 

Opt.  Prop.  The  optic  plane  is 
parallel  to  010;  the  positive  acute  bisectrix 
is  nearly  normal  to  102  and  therefore  makes 
an  angle  of  about  51°  with  the  cleavage. 
The  refringence  is  very  high,  and  the  bire- 
fringence extremely  strong.  The  angle  of 
the  optic  axes  is  very  variable,  bflt  usually 
small.  The  axial  dispersion  is  very  stfong, 
p>v;  the  inclined  dispersion  is  slight. 
(  +  )  2F  =  29°  30'Li    27^Na    24°  37TI 

(2E  =  32^-88°) 

^/^  =:  2.0093  Um  —   1.8940   «p  =  1.8879 

;/« —  ;/p  =  0.1214 
Color  brown,  vellow,  gray,  green, 
rose  rc(K  black,  often  'varying  in  a  single   ''^""^\i?anrtr*^"  ^' 
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:rystal.     Streak  white.     Pleochroism  usually  not  strong  in  thin 
section,  but  deeply  colored  varieties  exhibit  intense  pleochroism, 
ind  thick  sections  always  show  change  of  colors,  thus: — 
Z  =  salmon   pink,   pale  yellow,   orange   to  brownish  red. 
Y  =  greenish  pink,  pale  brownish  yellow,  greenish  yellow. 
K  =  greenish  yellow,  pale  brownish  yellow,  nearly  colorless. 

Incl.  Ripidolite  is  sometimes  found  as  inclusions  in 
itanite :  these  may  be  grouped  at  the  center  of  the  enclosing  crys- 
:al ;  albite  is  also  found. 

Alter.  Titanitc  alters  in  several  ways.  It  may  lose  its 
;olor,  become  softer,  and  turn  into  a  light  yellow  amorphous  mass 
iccompanied  by  calcite.  It  may  be  replaced  by  an  opaque  iron 
Dxide  with  more  or  less  ilmenite,  rutile,  octahedrite,  calcite,  etc. 
Rarely,  perovskite  and  calcite  replace  it ;  in  one  case  brookite 
"ornied  from  it. 

Occur.  Titanite  is  very  widely  distributed  in  rocks  of 
II  kinds.  It  is  particularly  at  home  in  hornblende  granites, 
yenites  and  diorites  of  the  igneous  rocks;  the  alteration  product 
ailed  leucoxene,  which  is  supposed  to  be  titanite,  and  is  derived 
rom  ilmenite  or  titaniferous  magnetite,  is  common  in  more  basic 
ocks.  Titanite  is  also  common  in  crystalline  schists,  gneiss,  etc. 
t  is  rare  in  sedimentary  rocks.  The  finest  crystals  occur  in  drusy 
avities. 

Keilhauite  is  a  variety  of  titanite  containing  notable  amounts 
•f  ferric  iron,  alumimim,  yttrium,  and  related  rare  earths.  Crystals  like 
hose  of  titanite.  Cleavage  distinct  ||  in.  H.  =  6.5.  G.  =  3.52-3.77. 
^usible  easily  with  intumescence.  Optically  like  titanite  in  all  respects, 
mt  optic  angle  larger.  2E  =  108°  34'.  Found  in  feld.spathic  rock  in  Nor- 
vay.     Very  rare. 

DiAG.  Titanite  is  characterized  by  its  forms,  its  very 
ligh  relief,  extreme  birefringence,  positive  sign  and  biaxial  char- 
icter. 

TITANOLIVINE,  see  olivine  group. 

TOPAZ. 

Drthorhombic  o:  6:  f  ::o.5285:  I  :o.477  rAl(F,OH)2]AlSiOj 

Phys.  Char.  Crystals  usually  prismatic  often  vertically  stri- 
ited.  In  rocks  usually  in  parallel  or  divergent  groups  of  prisms.  Also 
granular.  Cleavage  highly  perfect  ||  001:  difficult  ||  201  and  021.  H.  = 
J.  G.  =  3.532-3.574.  decreasing  with  increase  of  hydroxyl  present*.  In- 
•usible.     Only  slightly  attacked  by  H^SO^. 

Opt.  Prop.  The  plane  of  the  optic  axes  is  parallel  to  010;  the 
>ositive  acute  bisectrix  is  normal  to  001,  the  cleavage.    The  birefringence 
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varies  in  the  same  way.    The  indices  of  refraction  increase  with  incrcaic 
of  hydroxyl-    I'he  angle  of  (he  optic  axes  varies,  decreasing  with  increase 

of  hydroxy!  prestnl."    Axial  dispersion  distinct  with  p  >  f. 

Adun  Sclineuk'         Ml 


Utah 

•      2E  =  iss'Si' 

«j=  1.6176 

n„=  1. 61 04 

Bj,  =  1.6072 

G.  =  3.56s 


Tflch._.  .. 
ii8°46' 
1.6225 
iJblbO 
1.6133 


TOPAZ 


i 


I.6t8t 
J, 61 55 
oxMOS 

3-555 


2-45 
3-532 


Flsure 


3562 

Colorless,    yellow,    white,    grayish,    greenish,' 
bluish,  reddish.     Colorless  in  thin  section. 

Incl.  Topax  often  contains  abundant  liquid 
inclusions,  which  have  been  considered  to  be  water  and 
carbon  dioxide;  Nordenskjiild  finds  instances  of  a 
li(|uid  believed  to  be  a  carbide  of  hydrogen.  These 
liquids  oflen  contain  minute  crystals  of  unknown  com- 
position. Other  inclusions  in  Iopa;E  include  ilmeniteOP"' 
and  hematite. 

Alter.    Topa^  may  alter  to  kaolinite  or  to  damourite. 

OctuH.  Topai  occurs  especially  in  (ones  of  contact  nietamorph- 
ism,  and  in  pegmatite.  It  is  commonly  associated  with  cassiterite.  flourite, 
tourmaline,  bcryi,  etc    It  also  occurs  in  cavities  in  rhyolite,  with  spessartile. 

DiAG.  Topaz,  is  distinguished  from  andalusite  by  its  cleavage 
and  its  smaller  optic  angle,  from  sillimanitc  by  its  weaker  birefringence. 
different  cleavage  direction,  higher  relief,  and  biaxial  character;  and  from 
orthoclase  by  its  higher  relief,  absence  or  rarity  of  twinning  and  extinc- 
tion paraUel  with  the  cleavage. 

TORBERNITE. 

Tetbaojnal  c^  2.936  Cu(U0j),(P0^)^-|-8HjO 

Phvs.  Char,  Crystals  usually  square  basal  tablets;  sometimes 
pyramidal.  Also  in  foliaied  aggregates.  Cleavage  perfect  ||  001.  H.  :r- 
2.-2.5.  G.  =  3.4-J.6.  Fusible  at  2.5  with  green  flame  color..  Soluble  in 
HNOj. 

Opt.  Prop.  Uniaxial  and  negative.  Refringence;  n^  ^i;  1592. 
Hp  ~  1.582;  Jig  —  Up  =  0.010,     Color  light  to  dark  green;  streak   paler. 

Occur.     Found  in  veins  in  schists  and  granites.     Rare. 

Zeunerite  (Cu(UO„).(AsO,)„ +8HjO|  is  closely  related  to 
torbcrnitp,  with  c  —  2,913.  Crystals  like  torbcniitc.  Cleavage  perfect  ||  001, 
distinct  II  100.  H,:^  2,-2.5,  G.  =  3.2-  Soluble  in  HNO,,  Uniaxial  and 
negative.  Rcfringcuce.  11  =  1,64.  Color  apple  green  to  emerald  green. 
Found  on  quart/  with  copper  ores.     Very  rare. 
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TOURMALINE. 
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Hexagonal  c  =  0.44767  RcSiO 

CoMP.  Tourmaline  is  a  mineral  of  complex  composition 
and  its  precise  formula  is  still  a  matter  of  discussion.  The  de- 
tailed formulas  proposed  by  various  authors  do  not  harmonize, 
but  they  all  vary  little  in  their  simplest  terms  from  that  given 
above,  in  which  R  represents  variable  proportions  of  Al  and  B, 
with  also  either  magnesium,  iron,  or  an  alkali  metal ;  basic  hydro- 
gen or  hydroxyl  and  fluorine  are  also  present  nearly  always.  The 
variations  lead  to  three  chief  types,  briefly  described  as  alkali 
tourmaline,  iron  tourmaline,  and  magnesium  tourmaline.  A 
chromium  variety  is  also  known. 

PiiYS.  Char.  Crystals  usually  prismatic  more  or  less 
elongated,  but  also  rarely  so  short  as  to  be  lenticular.  Vertical 
faces  often  deeply  striated  vertically.  Commonly  hemimorphic. 
Also  found  in  crystalline  aggregates,  often  in  radiating  groups. 
Twinning  rare.  Cleavage  difficult  ||  11 20  and  loTi.  Brittle. 
H.  :=  7.-7.5.  G.  =  2.9-3.2.  Magnesium  toumialine  fuses  rather 
easily  to  a  white  or  gray  blebby  slag  or  glass ;  iron  tourmaline 
fuses  with  difficulty  to  a  dark  slag;  the  alkali  tourmaline  is 
usually  infusible.  Insoluble  even  in  HF.  After  fusion  gelatinizes 
with  HCl. 

Opt.  Prop.  Tourmaline  is  uniaxial  and  negative.  Re- 
fringence  medium  and  birefringence  moderate.  According  to 
Lacroix  of  the  three  common  varieties  lithium  tourmaline  has  the 
weakest  birefringence  and  intermediate  refringence;  Wiilfing 
assigns  to  magnesium  tourmaline  intermediate  birefringence  and 
the  lowest  refringence,  and  to  iron  tourmaline  the  strongest  bire- 
fringence and  the  highest  refringence.  The  rare  chromium  tour- 
maline has  higher  refringence  and  much  stronger  birefringence 
than  any  other  variety. 

Li  tourmaline  Mg  tourmaline  Fe  Tourmaline 

Blue  Green 

»g  =  1.6377-  1.6507     1.6315- 1.6536     1.6517-  1.6664     1.6424- 1.6854 
«p=  1.6199-  1.6257     1-6123- 1.6290    1.6281-  1.6368    1.6222-  1.6515 
fig — Hp  =  0.0146- 0.021 1     0.0192-0.0246    0.0236-0.0299    0.0202-0.0339 
For  Cr  tourmaline  n^—\.t^y,  v^—i.()^\,  n^  —  «p  =  0.046. 

Color  black,  bluish  black,  dark  brown,  less  commonly 
blue,  green,  red,  pink,  colorless.  Single  crystals  may  vary  in 
color.  The  pleochroism  of  the  tourmaline  is  quite  variable  in 
intensity,  but  the  absorption  is  always  0>E,  which  may  be  ex- 


riHiirr*  :oi.  Mii,     riiiit.'ti 
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the   rc>lHrl«er.    klLcntnK    ftrimft    «'>»ot- 
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pressed  in  this  case  as  Z>X.  Therefore  the  maximum  absorpiion 
occurs  wlicn  the  vertical  axis  (and  elongation)  is  at  riglit  angl« 
with  tlie  vibration  plane  of  the  polarizer.  Examples  nf  the  pic- 
ochroic  formulas  follow: — 

Z(0)  X(E) 

Sections  1,5  mtn,  ihii;k, 
ti  lournialitie      pink,  paU  green,   or        colorlc««  or  nearly   so 

greenish  blue 
Mb  Kmriiialiiio     ilark  yellowish   Uriwrii      pale  yellow 
Sections  ox)3  ram.  thick, 
l.i  lotirnialinc        cnlorlcss.   pink,   or  very    colorless 

pall-  blue 
Mg  1  oil nna line     pale  yellow  colorless 

Fe  tourmaline      yellowish    brown    to  pale  yellow  to  dark 

black 
Fe  lonrmaline      dark  green  reddish  violet  to  brownish 

Fc  lonrmaline      bkie  of  various   shades     pale  viole'gray,  yellow- 
ish or  colorless 
Cr  tourmaline      Rrecn   to   bluish   green     yellow 

A  single  crystal  may  have  different  colors  irregularly      "^"^ 
distributed  or  arranged  in  zones,  or  at  opposite  ends  of  the  verti- 
cat  axis. 

Incl.     \'ery  intense  pleochroic  colors  may  be  present      ^^^ 
about  inclusions  of  zircon  or  rutile :  they  are  often  of  diiTerent    ^* 
color  from  that  shown  by  the  enclosing  mineral ;  in  them  the  ^^^ 
birefringence  is   increased.     They  disappear  when  subjected  to*:^ 
heat. 

Alter.     Tourmaline  is  usually  unaltered  in  rocks; 
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may,  however,  change  to  a  colorless  mica  with  the  characters  of 
damourite;  in  other  cases  this  is  accompanied  by  biotite  and 
sometimes  chlorite. 

Occur.  Tourmaline  occurs  widely  distributed  in  crys- 
talline schists,  gneiss,  etc.,  as  well  as  in  phyllites,  clay  slates,  and 
limestone.  It  is  a  common  product  of  contact  metamorphism 
resulting  from  the  action  of  mineralizing  vapors  upon  rocks  of  all 
types.  It  is  frequent  in  pegmatites,  granulites;  and  in  veins.  It 
occurs  occasionally  apparently  as  a  primary  constituent  of  acid 
igneous  rocks. 

DiAG.  Tourmaline  is  readily  distinguishable  from  all 
other  minerals  by  its  pleochroism  with  maximum  absorption  per- 
pendicular to  the  elongation,  by  its  forms,  its  lack  of  cleavage, 
its  distinct  relief  and  bright  interference  colors,  and  its  uniaxial 
negative  character. 

TREMOLITE,  see  amphibole  group. 

TRIDYMITE. 

I-I  EX  AGONAL  at  I30*'C.  c.  =  1.653  SiO^ 

Phys.  Char.  Crystals  usually  minute  hexagonal  plates  paral- 
el  to  the  base.  At  ordinary  temperatures  the  hexagonal  form  becomes 
-he  result  of  twinning  ||  no  of  orthorhombic  (Lacroix)  individuals  simi- 
lar to  the  common  aragonite  twins.  Twinning  of  other  types  often  also 
present,  sometimes  giving  pseudoisometric  forms.  Cleavage  indistinct 
parallel  to  the  prism  faces ;  parting  parallel  to  the  base.  H.  =:  7.  G.  = 
228-2.33.     Soluble  in  boiling  Na^CO^;  otherwise  like  quartz. 

Opt.  Prop.    The  plane  of  th€  optic  axes  is  parallel  to  100;  the 

TRIDYMITE 
oot 


010 


Figure  203.     Optical  orientation  of  tridymite. 

positive  acute  bisectrix  is  normal  to  001.    The  refringence  is  very  low  and 
the  birefringence  very  weak. 

(  +  )  2£=:66'»    2F  =  43° 

n=  1.4775 
«g  —  «p  =  0.00185 
Colorless  or  white.     Colorless  in  section. 
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Incl.    Gas  inclusions  are  not  infrequent. 

Alter.    Tridymite  alters  sometimes  to  quartz. 

Occur.  Tridymite  is  always  formed  at  high  temperatures;  it 
is  found  in  small  aggregates  and  in  cr>'stals  in  lithophysae,  in  siliceous 
lavas  sometimes  associated  with  opal.    Also  found  in  meteorites. 

TRIMERITE.  see  phenacite  group. 

TRIPHYLITE. 

Orthorhombic  a:  &:  c::o.435:  1 10.527  Li(Fe,Mn)PO^ 

CoMP.  By  increase  of  manganese  triphylite  grades  into  lithi- 
ophilite  [Li(Mn,Fe)PO^].  which  is  included  in  the  following  description. 
Phys.  Char.  Crystals  prismatic,  rare.  Massive,  cleavable  to 
compact.  Cleavage  perfect  ||  001,  imperfect  ||  010,  -interrupted  ||  no. 
H.  =  4.5-5.  G.  =  3.42-3.56.  Fusible  at  1.5  with  red  flame  having  a  bluish 
green  border.     Soluble  in  HCl. 

Opt.  Prop.  The  opiic  orientation  changes  with  the  varying 
amount  of  ferrous  iron  or  manganese  present.  This  is  shown  in  the  fol- 
lowing table.  The  dispersion  is  ver>'  strong  in  all  varieties,  with  pK^v 
in  positive  varieties  and  p  >  z^  in  negative  varieties. 


Lithiophilite 

Triphylite 

FeO  4.24 

FeO  9.42 

FeO  13.63 

FeO  26.58 

BcO  35.05 

(-t-)2F=65n3^ 

(-f)62=54^ 

(-f)56'^4^ 

(-f;2F=0° 

(--)2F-60° 

rtgrz 

1.687 

ttg  =1.692 

Wm-1.675 

1.679 

L682 

;/m- 1.688 

1702 

^p- 

1.676 

//p  —1.688 

;/k     ;/o  — 

0.011 

Tig  — wp  =0.004  1 

X  a,Y  c 

X  a,Y  r 

X  a,Y  c 

Zb               X\\c,Y\\a 

In  trii)hylitc  having  26.587^  of  FeO  the  optic  angle  about  Z 
is  2i°53'  in  green  light,  0°  in  yellow  light,  and  15°  3'  in  red  light.  In 
green  light  the  indices  are: — h^^i.6(;8.  ;i^=  1.692,  «p  =1.691.  In  red 
light  the  indices  are  »^  =-1.691,  fij„=  1.684.  «pr=  1.683.  It  is  considered 
probable  that  in  triphylite  with  more  than  36%  FeO  the  optic  plane  would 
be  parallel  to  010  and  the  sign  still  negative. 

Color  greenish  gray  or  bluish  in  triphylite;  color  salmon  pink, 
yellow,  brown  in  lithiophilite:  often  black  on  the  surface.  Lithiophilite 
distinctly  ])leochroic  with  X  deep  pink,  Y  pale  greenish  yellow,  Z  pale 
pink. 

Ai.TEK.  These  minerals  alter  readily  by  oxidation  and  hydra- 
tion of  manganese:  alteration  turns  the  minerals  brown,  red,  or  black, 
and  develops  three  jijood  cleavages.     Ultimately  pyrolusite  may  form. 

Oc  (IK.  Found  in  pegmatite,  often  associated  with  spodumene, 
triploidite.   rhodochrosite. 

Natrophilite  (NaMnPO^)  is  isomorphous  with  triphylite  and 
like  it  in  all  respects  except  deep  wine  yellow  color  and  the  composition. 
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TRIPLITE,  see  wagneritc. 
TRONA. 

MoNocLiNic  a:b:c::  2.846 :  i :  2.970  HNa^CCOjj)^  +  2H2O 

Phys.  Char.  Crystals  tabular  ||  001  and  elongated  ||  b.  Often 
fibrous,  massive.  Cleavage  perfect  ||  100,  in  traces  ||  in  and  001.  H.  =: 
2.5-3.  G.  =  2.11-2.14.  Effervesces  with  acids;  soluble  in  H^O.  Taste 
alkaline. 

Opt.  Prop.  The  optic  plane,  and  the  acute  bisectrix  X  are  nor- 
mal to  010:  Z  makes  an  angle  of  83°  with  c.  Optic  angle  large;  dispersion 
p  <  V  weak.     Color  gray  or  yellowish  white. 

(— )   2E=i37°7'   (2F  =  76°i6') 
•      "m==  1-507 

OcciTR.  Foiuid  in  salt  lake  deposits  with  halite,  hanksite.  then- 
ardite.  glauberite,  etc. 

TYROLITE. 

Orthorho.mbic  a:b:c:: 0.93 :  i :  ?  Cu. (OH)^(AsO^)„  +  7H^0 

Phys.  Char.  Crystals  rare :  usually  radial  or  foliated  masses. 
Cleavage  perfect  ||  001.  Flexible  laminae.  H.  =  1.-1.5.  G.  =  3.-3.1. 
Easily  fusible.     Soluble  in  HXO,^  or  NH^OH. 

Opt.  Prop.  The  optic  plane  is  parallel  to  010;  the  acute  bi- 
sectrix X  is  normal  to  001.  Optic  angle  large.  Refringence  high,  n  = 
*i.70.  Color  pale  to  dark  green,  sometimes  bluish.  Streak  paler.  Luster 
pearly  on  001,  elsewhere  vitreous. 

Occur.  Found  in  cavities  in  calcite,  calamine,  or  quartz  in  cop- 
per deposits.  Rare. 

Chalcophyllite  [Cu,(OH)  JAsO^.. -f  loH^.Ol  is  related  to 
tyrolite.  but  it  is  rhombohedral  with  c  =  2.554.  Crystals  six-sided  tab- 
ular; also  massive  foliated.  Cleavage  perfect  ||  0001.  H.  =  2.  G.  =  2.4- 
2.66.  Easily  fusible.  Soluble  in  IINO.^  or  NH^OH.  Uniaxial  and  nega- 
tive. Birefringence  strong  ;  n^  =  1.6323,  ;ip  =  1.5745  :  w^  —  ;i^  =  0.0578. 
Color  dark  green  to  grayish  green.  Streak  paler.  Found  in  copper  mines 
often  with  clinoclasite,  and  derived  from  enargite.     Rare. 

URANOCIRCITE 

Orthorhombic  Axial  ratio  unknown  Ba(UO.,).,(PO  )^-f  8H,0 

Phys.   Char.     Crystals  like  autunitc.     Cleavage  perfect   ||  001, 

distinct  II   100  and  010.     G.  =  3.53. 

Opt.    Prop.     The  acute   bisectrix   X   is   normal   to  001.     2E  = 

15°- 20**.     Index  n=i.62.     Color  yellow  green.     Luster  pearly  on  001. 
Occur.     Found  in  cjuartz  veins.    Very  rare. 

UVAROVITE,  see  garnet   ^^ronp. 
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VALENTINITE, 

Orthorhombic  a:b:c::  0.391 :  i :  0.336  Sb,0, 

Phys.  Char.  Crystals  prismatic  or  tabular  ||  oio,  or  elongated 
II  a.  Often  in  stellar  or  lamellar  aggregates.  Also  massive,  lamellar, 
granular,  or  columnar.  Cleavage  perfect  ||  oio.  H.  =2.5-3.  G.  =  5.57. 
Easily  fusible,  and  somewhat  volatile.     Soluble  in  HCl. 

OiT.  Prop.  The  negative  acute  bisectrix  is  normal  to  100;  the 
optic  plane  is  parallel  to  001  in  red  light,  and  parallel  to  010  in  blue  light. 
The  optic  angle  is  small,  in  yellow  light  nearly  0°.  Refringence  very  high, 
n  =  2.34  Na.  Dispersion  very  strong,  p  >  v,  becoming  p  <  v  when  the" 
axes  for  red  and  blue  arc  in  the  same  plane.  When  heated  to  75 °C.  the 
optic  angle  in  red  light  decreases  somewhat,  anjl  in  blue  light  increases. 

Color   snow   white,   rarely   pink,   gray,   brownish.     Colorless  in 
thin  section.  . 

Occur.  Formed  by  the  alteration  of  stibnite  or  other  antimony 
ores.     Commonly  mixed  with  ccrvantite  and  stibiconite. 

Claudetite  (As^O^)  is  closely  related  to  valentinite  in  form 
and  composition,  but  it  is  monoclinic  with  a:b:  ci:  0.404 :  i :  0.345  2Uid 
p  =  86°  3'.  Crystals  plates  1 1  010  or  prismatic.  Twinning  on  100  of  pene- 
tration type  common.  Cleavage  perfect  ||  010.  giving  flexible  laminae; 
fibrous  sc'paration  ||  no.  H.  =  2.5.  G.  =  3.85-4.15.  Volatile.  Optic 
plane  parallel  to  010 ;  the  acute  bisectrix  Z  makes  an  angle  of  +  6°  wkh 
c.  Dispersion  p  <  v  strong.  2// =  65°  21'.  Colorless  to  white.  Found  in 
veins  with  arsenopyrite,  in  burning  coal  mines,  and  as  an  artificial  prod- 
uct of  smelting  furnaces. 

VANADINITE,  sec  apatite  group. 


ill  n  1,1 


VESUVIANITE    (Idocrase). 

Tetragonal  ^-0.537  CaJAl(OH,F)]Al,(SiOPj^ 

CoMP.     Other  elements  replacing  those  of  the  formula  to  vari- 
able amounts  include  iron,  magnesium,  mangajiese,  sodium,  titanium,  etc 

Phys.  Char.     Crystals  commonly  prismatic;  sometimes  pyram- 
idal,    or     modified.     Massive,     columnar     or     granular. 
Cleavage    indistinct    ||    no,    in    traces    ||    100   and    001. 
H.  =  6.5.      G.  —  3.35-3.45.       Fusible    at     3.    with    intu- 
niesconco.      Partly   decomposed   by   HCl. 

Opt.  Prop.  Uniaxial  and  negative.  Some- 
times biaxial  with  optic  angle  variable.  2£  =  30**- 60°. 
When  biaxial,  basal  sections  frequently  show  four  diag- 
onal sectors  in  each  of  which  the  optic  plane  is  normal 
to  the  cdgi^.  The  optic  angle  varies  with  the  tempera- 
ture, and  in  some  cases  with  the  pressure.  J^iluite  is 
a  rare  variety  which  is  positive.  Refringence  high;  bi- 
refrinijjcncc  weak,  usually  about  0.004. 
Vesuvianite  fi^,  —  1.705-T.732    «p  =  1.70 1 -1. 726    n^  —  ftp  =  0.001-0.006. 

Viluite  ;/^-:  1.717-1.721     ti^  —  1.716  n^  —  w^  =  0.001-0.005. 

Color  brown  to  red.  green,  rarely  yellow  or  pale  blue.     Streak 


IfO 


:k-.... 


I 


iia 


Figure    204. 

A   simple    crystal 

form  of 

vesuvianite. 
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white.  In  thin  section  colorless,  pale  brown,  or  green,  the  colors  often 
distributed  in  zones  or  irregularly.  Plcochroism  usually  not  noticeable  in 
thin  section,  but  in  thick  plates  the  tints  are  quite  variable,  thus:— 

Mass  color  Z  X 

Brown  Yellow  brown  to  yellow  Brownish  yellow  to  brownish  gray 

green 

Red       Colorless  to  light  gray  Light  rose  red  to  peachblow  red 

Green   Colorless  to  greenish  yellow  Light  flesh  gray,  yellow,  or  green 

Blue      Dark  blue  Nearly  colorless 

Occur.  Vesuvianite  is  found  most  abundantly  in  crystalline 
limestone  metamorphosed  by  adjacent  igneous  rock;  it  is  then  usually 
closely  associated  with  grossularite,  diopside,  wollastonite,  epidote,  etc.  It 
occurs  also  in  crystalline  schists,  in  amphibole  and  in  gneiss,  and  in 
quartz  pegmatite  veins  in  schists. 

DiAG.  Vesuvianite  is  characterized  by  high  refringence,  very 
weak  birefringence,  negative  sign,  negative  elongation,  crystal  form,  and 
frequent  zonal  arrangement  of  colors.  It  differs  from  zoisite  in  the  ab- 
sence of  cleavage  and  abnormal  dispersion,  from  gehlenite  in  its  higher 
refringence  and  colors,  from  andalusite  in  its  higher  refringence  and 
weaker  birefringence,  and  smaller  optic  angle   (when  biaxial). 

VILLIAUMITE.* 

PSEUDO-ISOMETRIC  NaF? 

Phys.  Char.  Crystals  unknown ;  massive,  cleavable.  Cleav- 
age perfect  ||  001,  distinct  ||  100  aixl  010.  H.  =  3.5.  G.  =  279.  Soluble 
in  hot  HjO. 

Opt.  Prop.  Basal  sections  are  apparently  isotropic.  Thick  ver- 
tical sections  show  very  weak  birefringence,  with  X  parallel  to  c.  The  re- 
fringence is  extremely  low ;  n  =  1.328. 

Color  carmine  red  to  dark  violet,  but  becomes  colorless  when 
heated.  In  basal  sections  carmine  red  and  non-pleochroic ;  in  vertical  sec- 
tions carmine  red  parallel  to  the  base,  and  golden  yellow  parallel  to  the 
vertical  axis. 

Occur.  Found  in  nepheline  syenites  in  French  Guiana,  appar- 
ently as  a  magmatic  constituent.     Very  rare. 

VIVIANITE, 

MoNOCLiNic         a:  fc:  c:  10.750:  1:0.702        Fejj(P04)o+8n.O 

P  =  75^  34 
Phys.  Char.     Cn-stals  prismatic,  sometimes  flattened 

I J  too;  often  grouped.  Commonly  fibrous,  divergent;  also  en- 
crusting or  earthy.  Cleavage  perfect  ||  010  (giving  flexible 
lamina),  in  traces  ||  100.    H.  =  1.5-2.    G.  =  2.58-2.68.    Fusible 

•  A.  Lacroix.  C.  R,  CXI^VI.  p.  213. 
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VIVIANITE 


at  1.5  with  bluish  green  flame  color  to  magnetic  globule.    Soluble 
in  HCl. 

Opt.  Prop.     The  optic  plane  and  obtuse  bisectrix  X  arc 
normal  to  010;  Z  makes  an  angle  of  61^2°  with  r.     Birefrin- 
gence strong.     Optic  angle  large ;  slight 
horizontal  disi)crsion  with  p<7'  small. 
(+)2E^  143°  M'  (2y^73''  10') 

;/g  =    1.6267        Ha,  =   1.6050        tip  —   1.57^>^> 
1U "p  =  0.050    . 

Colorless  when  pure  and  unal- 
tered, but  usually  blue  to  green.  Streak 
colorless  to  bluish  white,  soon  changing 
to  dark  blue  or  brown.  Plcochroism 
strong  when  colored  with  Z  =  Y  ])ale 
greenish    yellow    to    colorless,    X    cobalt 

blue. 

Alter.     Alters    easily    by    the 

oxidation  of  the  iron. 

Occur.  T^ound  in  veins  of  cop- 
jKT,  gold  and  tin  with  pyrrhotite  and  py- 
rite:  cilso  in  clay  beds;  sometimes  with 
limonite;  often  in  cavities  of  bones  or 
fossils. 


ioo^ 


Figure   205. 

Optical    orientation    of 

vivlanite. 


Symplesite  (  Fe.  As.,0^  +  8H.,0)  is  isoniorphous  wiUi  vivlanite, 
with  a:h:c::  0.781  :  i  :  o.(  Si  ami  ^  —  jz""  43'.  Crystals  prismatic  or  flat- 
tened !|  010:  radiated.  Cleavaj^e  perfect  !|  010.  H.  :=  2.5.  G,  —  2.(/). 
InfiKihle.  Optic  iilane  and  acute  l)isectrix  X  normal  to  010;  ZAt"  = 
+  32''.  2//a  ~  107^  28'.  Color  pale  indijj:©  blue  to  leek  green.  Streak 
ldui>li  while.  Plencln'oi^ni  distinct  with  Z  yellowish  green.  Y  colorless 
to  creer.i^h  yelhnv,  X  l)hiish  green  to  l)lue.  Found  with  sicferilc  or  phar- 
niacc^iderite.     Very   rare. 

Erythrite  ( Co.,As.,()^— 8II.,0)  l)clongs  in  the  vivianjtc  group; 
it  has  a:  b  :  c::  0.75  :  I  :  0.70  and  p  ~75°  ±.  Cry.stals  prismatic,  vertically 
striated.  .\lso  j^lo])ular.  drnsy.  cohnnnar,  incrusting,  earthy.  Cleavag;.* 
perfect  I!  010.  indistinct  !]  ico  and  loi.  Laminae  somewhat  flexible. 
H.—  1.5  to  2.5.  (i.  =  2.<j5.  Fusible  at  2.  with -light  blue  flame.  Gives 
rose  red  '-olutifMi  with  TICI.  (~)ptic  plane  and  acute  bisectrix  X  normal 
to  010.  Z  f  =  3!".  Piirefringence  strong.  Optic  angle  large:  slight 
cr()s^e<l  dispersion  with  p  >  7'  weak.  2^7=104°  31':  11  =11.6986;  «„  = 
i.^>()i4.  ''p  "  1.^203:  .'7^  —  //j  =  0.0723.  Color  red.  sometimes  grayish  green. 
Streak  pale  red;  dry  powder  lavender  blue.  Plcochroism  strong,  red, 
green  and  blue.  Formed  by  oxidation  of  cobalt  ores;  found  in  the  surface 
part  of  VLMn>.     Rare. 

Annabergite    ( Xi.As/)^  +  8H.,0)    is   closely   related   to   erj-th- 
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rite;  crystals  fibrous,  massive;  H.  =  2.-2.5.  G.  =  3.08-3.13.  Green  so- 
lution in  acids.  Optic  plane  and  acute  bisectrix  X  normal  to  010.  2//  = 
104**- 107°.  color  green,  pleochroic ;  streak  greenish  white.  Produced 
from  smalite.  niccolite.  etc.  by  oxidation.     Very  rare. 

Bobierrite  (Mg^P.,Oj^  +  8H.,0)  is  isoniorphous  with  vivianite, 
with  p  =  77°  dz.  Crystals  six-sided  prisms;  crystalline  masses.  Cleav- 
age II  010.  H.  =  1.-2.  G.  =  2.41.  Soluble  in  acids.  Optic  plane  and  ob- 
tuse bisectrix  X  normal  to  010;  ZAf  =  34*'it:.  2ii  =  125**  ih.  Disper- 
sion p<iv  weak.     Colorless  to  white.     Found  in  guano.     Very  rare. 

Cabrerite  [(Ni,Mg)^.\s,0  +  8H,0]  is  closely  related  to 
erythritc  and  bobierrite.  Fibrous;  radiated.  Cleavage  perfect  ||  010. 
H.  =  2.  G.  =:  2.96-.3.11.  Infusible.  Optic  plane  and  acute  bisectrix  X 
normal  to  010;  ZAr  =  — 35°.  2f/ =:  105°- 112°  Li.  Marked  crossed 
dispersion  with  p  >  v  strong.  Color  apple  green.  Found  with  brown  spar 
in  limestone  and  schist  in  Spain ;  in  zinc  mines  in  Greece.     Very  rare. 

Hautefeuillite  [(Mg.Ci).^P._,0,  4  SH.O]  is  closely  related  to 
bobierrite.  Lamellar,  radiated.  Cleavage  perfect  ||  010.  H.  =  2.5.  G.  =r: 
2.44.  Exfoliates  and  fu.ses.  Soluble  with  difficulty.  Optic  plane  parallel 
to  dig;  acute  bisectrix  Z  makes  an  angle  of  45°  with  a.  zE  =  88°.  Strong 
inclined  dispersioji  with  p<iv,  «  =  1.52.  Colorless.  Found  with  apatite, 
monazite,  and  pyrite.     Very  rare. 

WAGNERITE. 

MoxocLiNic  a:  b:  c::  1.9145 :  i :  15059  (MgF)MgPO^ 

Pnvs.  Char.  Crystals  sometimes  coarse,  vertically  striated. 
Also  massive.  Cleavages  difficult,  not  visible  in  thin  sections.  H.  ■=  5.-5.5. 
G.  =  2.98-3.07.     Fusible  at  4.  to  a  greenish  glass.     Soluble. 

Opt.  Prop.  The  plane  of  the  optic  axes  is  parallel  to  010;  the 
positive  acute  bisectrix  is  almost  parallel  to  c.  The  optic  angle  is  small; 
axial   dispersion   marked   p  ]>  v. 

'(  +  )    2V  =  2()°  ±1 
Hg  =  1.582      «„  =  1.570      Wp  =  1.569 

Color  yellow,  grayish,  greenish,  reddish.  Colorless  in  thin  sec- 
tion. 

Occur.    Found  in  granulites  and  in  quartz  veins;  rare. 

Triplite  is  a  related  mineral  in  which  the  magnesium  is  largely 
replaced  by  iron  and  manganese,  with  more  or  less  calcium.  It  has  two 
unequal  cleavages  at  right  angles.  Color  brown  to  brownish  black.  TL  = 
4.-5.5.  G.  =  3.44-3.8.  Fuses  at  1.5  to  a- black  magnetic  globule.  Soluble. 
Triplite  is  positive  like  wagnerite.  but  it  has  a  much  larger  optic  angle 
(2H=:()S°)  and  has  distinct  color  and  plcochroism  in  yellow  to  brown 
tints.  In  triplite  the  plane  of  the  optic  axes  is  nearly  parallel  to  the  im- 
perfect cleavage  and  normal  to  the  easy  cleavage,  while  the  positive  acute 
bisectrix  makes  an  angle  of  about  42°  with  the  latter.     It  is  often  coated 


fringcnce  and 

WAVELLITE. 

Obthorhomdic  □ 

Phys.  Cha 

gates.     Cleavage  diMir 


.:<■:  :0.50s:  1:0-375  (A10H),(P0,).  +  5H,0 

Crystals  rare ;  usually  in  fibrous  radiated  aggre- 

t  II  110  and  QIC.  hui  usually  not  marked  in  affgre- 

2.3-2.5.     Infusible,  but  swells  and  colors  the  flame 


1:  plane  of  the  optic  axes  is  parallel  to  too ;  the 
normal   to  00s.     Axial   dispersion   p  >  r.      The 


WAVELLITE—WOEHLERITE. 


extinction    is    parallel    with    the    elongation, 
which  is  positive. 

(  +  )2l/^70°    ± 
»m  -  1-526 

n,  — 11^  =  0.025. 

Color  white,  yellow,  pink,  green, 
brown,  black.  Streak  white.  Colorless  in 
thin  section. 

OCCUH.  Found  in  granulitca  with 
amblygonite ;  also  in  phyllites  and  in  veins. 

Augelite  rAl(OH)gAIPOJ  is 
chemically  related  to  wavellite.  It  is  mono- 
dinic.  with  a:  6:  c: :  1.642:  1 :  1.271  and  j8  = 
St'.m'-  CryMals  tabular  ||  ooi,  or  prismatic. 
Cleavage  perfect  ||  no,  imperfect  ||  Toi.  H.  = 
4.5-5.  G,  =  2.7,  Ir.fusible,  Nearly  insoluble. 
Optic  plane  parallel  to  oio;  acute  bisectrix  Z 
makes  an  angle  of  — 34°  with  c.  (+)  2£  =  , 
84° 42';  «,=  i.5877,  «„=i.575a  «p  =  i-S736; 
Nj — nj,  =  o.oi4i.  Colorless  to  white.  Found 
Rare. 

DiAC.     Wavellite  is  commonly  i 
with  low  refringence,  moderate  birefringem 
I,  and  positive  character. 


WAVtLLITE 


WERNERITE,  see  scapolit 
cite  group.    WITHERITE,   see 

WHEWELLITE. 

MoNOCLiNic  a :  & :  e : :  o.fi 

^- 
Phvs.   Chab.     Crystals 
vertically  striated ;  often  twinned  t 


fibrous  radiated  aggregates 
positive  elongation,  parallel 
phosphorus  and  waicr. 

:  group.     WILLEMITE,  see  phena- 
aragonite  group. 


CaC„0.  +  H„0 


faces ;    prismatic    faces 
heart-shaped  forms.     Cleav- 


Opt.  Prop.  The  optic  plane  and  the  obtuse  bisectrix  X  arc 
normal  to  010;  Z  A  ir  —  — 11°  or  —12°.  The  birefringence  is  extremely 
strong.  The  optic  angle  is  large ;  the  crossed  dispersion  is  weak,  with 
p<r  also  weak.    Colorless. 

(+)2K  =  84° 
Bg=i.64g7     «„— 1.5S52    Hp- 1.4900 
"g— np  =  o.i5C)7 
Occur.     Found    in    crevices    in    bituminous    coal    wilh    siderite. 
Rare. 

WOEHLERITE. 
MoNOCLiNic  a.b.c::  1.0551  :  i  : 0.7092  Ca|^Na._Sij|jZr3Nb.,0|„Fj 

^  =  70°45' 
Phys.   Chab.     Crystals  usually  flattened   ||    lOO  with  pinacoids. 
domes  and  the  unit  prisnt  jircsent.     Twinning  common  with  100  as  the 


twinning  plane,  often  several  liimellsE  present.  AIsq  granular.  Cleavage 
distinct  II  010 ;  very  difficult  ||  no;  fracture  condioidal  abundant.  H.  = 
61  G,  =  3.r4-3.44.  Fusible  to  it  yellow  glass.  Dissolves  readily  in  HQ 
with  separation  uf  silica  and  Nb^O^. 

Oft.   Prop.    The  plane  of  ilie  optic  axes  is 
perpendicular  to  Oto  and  nearly  parallel   with  lOi.    The    WOHLERlTE 
negative  acute  bisectrix  niake^  an  angle  al  about  45* 
with  c   ill   the  acute  angle  ff.     The  angle  of  the  optie 
axes   is   large.     The   refringcnce   and   the   birefringence        /^[r   ' 
are  nlioiil  the  same  as  in  aiigile.     Axial  dispersion  not-  ' 

.able,  fi  <  I',  and  weak  horizontal  dispersion. 
(-)  It- =  71°' 79' 

Hu=  1.726     M^=  1.716     (1^,=;  1.700  ' 

Color  yellow.  Colorless  in  thin  section,  but 
in  thick  section  yellow  and  plcochroic;  thus  Z  =  decp 
wine  yellow.  Y=:X flight  wine  yellow  to  colorless. 

Occur,  Rare;  fotind  in  nepheline  syenite 
in  Norway. 

Duo.     Wohlerite   has    less   color   and    pleo-optiJTwkwitloD 
chroism  than  cnmnionly   found   in   livcnite.  a.'*   vrell   as       of  wOblPrlt.;. 
B  Inrger  extinction  angle,     II  diffg-s  from    hiortdahlile  in   being  mono- 

WOLFRAMITE.  s.e  biibi.erilc. 
WOLLASTONITE. 

MoNOCLiNic  a:b:  c::  1.05,51 : 09676  CaSiO., 

)8  =  84°  30' 

PnVK.  Cii.\K.  Crystals  commcnly  tabular  |!  100  or  001. 
usually  more  nr  less  elnngatcd  ![  b.  Cleavage  perfect  ]|  100.  less 
jierfcct  II  001  :  sonicliriies  distinct  ||  Toi,  and  also  102.  Twinning 
on  100.  G.  =  2.8-2.9.  II.  — 4:i-.S-  Kriltle.  Fusible,  but  crj-s- 
tallizes  on  coolinEf.     Soluble  in  acids  with  gelatlnization. 

Opt.  Prop.  The  plane  of  the  optic  axes  is  parallel  to 
010,  and  therefore  normal  to  the  elongation.  The  negative  acute 
bisectrix  makes  an  angle  of  18°  with  the  basal  plane  in  sections 
parallel  with  010.  Refringence  high ;  hirefriugence  moderate. 
Optic  angle  rather  large.  Inclined  dispersion  distinct,  with 
p  >  V.  Often  in  divergent  fibers  with  cleavage  parallel  to  the 
elongation,  which  is  positive  or  negative. 

( — ")   2E  =  70°     2V  =  40° 

"■—1.635        'lm=   1.633       «p=  1-621 
H,  —  «p  —  0.014 
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WOLLASTONITC 

...  .       *^...- 


Color  white,  gray,  rarely  yel- 
low or  reddish.  Colorless  in  thin  sec- 
tion. 

Alter.  Wollastonite  alters 
readily  to  calcite. 

Occur.  Found  frequently  in 
regions  of  contact  between  igneous 
rocks  and  limestones;  also  in  lime- 
stone masses  caught  in  volcanic  rocks ; 
also  in  crystalline  limestones.  It  i.i 
often  associated  with  augite,  diopsidc, 
garnet,  epidote,  caicite;  ami  thesf 
minerals  occur  as  inclusions. 

Di.u;.     Distinguished     from 
pectolite  and  tremolitc  by  the  variable 
sign  of  the  elongation  and  the  weaker 
birefringence:    from    colorless    epidote 
weaker  birefringence  (epidote  has  variable  birefringence,  but  al- 
ways stronger  than  wollastonite),  and  smaller  optic  angle. 

WULFENITE,  sec  schcflii 
itroup.  XANTHOCONITE. 
LITE,   see   clintoiiite   group. 

XENOTIME. 

Tetracokal 


lower    refringence, 


Rroiip.     WURTZITE,   sec  cinnabar 
cc    pyrarRyrite.      XANTHOPHYL- 


YPO, 


CoMP,  Yltrium  often  replaced  by  related  elements,  as  erbium, 
n  :  silicon  and  tboriiim  may  also  be  present. 

Phvs.  ClI.^B,  Crystals  short  prisms  as  in  zircon.  Twinning  on 
vage  perfect  ||   no.     H.  ^4.-5.     G.  ^  4.45-4.56.     Infusible.     In- 


OiT.   Proc. 


RcfriiifTcnce  higli. 


1,72 


eel,  gray,  yellow.  Streak 
ion   colorless,   yellowish, 


Color  yellowish  lirown,  reddish  li 
paler.     Luster   resinous  to  vilreous.      In   thin   i^ 
pale  brownish, 

OrrtH,  Found  in  pcsinalilc  veins  in  Krcmtte,  gneiss,  elc.  .Mso 
in  granite.  Commonly  as.socialed  with  irircnn.  .sometimes  in  par.illel 
growths. 

Hussakite  is  a  phosphate  of  yttri\im,  eriiiiim,  etc..  with  sul- 
phur, closely  related  to  xenotime.  Like  xenoiime  in  physical  character;, 
except  G.  =  4.55-  Uniaxial  and  positive.  Refringence  high;  birefringeneo 
very  strong,  h^  ^  1.8155.  ",,  — '7207;  it, ^«.,  =  0.0048,  Colnr  yellowish 
white  to  dark  brown.  Lu.'iter  vitreous.  In  thin  section  colorless,  yellow- 
ish, pale  brownish.     Somclinies  weakly  plcochroie  with  Z  brownish  yellow 
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or  grayish  brown,  X  pink  or  light  yellowish  brown.     Differs  from  xeno- 
time  in  presence  of  SO-,  from  cassiterite  and  zircon  in  lower  refringence. 

•J 

DiAG.  Xenotime  differs  from  zircon  in  hardness  and  composi- 
tion ;  from  cassiterite  by  weaker  birefringence,  from  octahedrite  by  its 
sign  (  +  ). 

XYLOTILE,  see   serpentine  group. 

Zeolite  Group. 

The  minerals  of  the  zeolite  group  are  closely  related  in  many 
characters,  but  they  are  quite  diverse  in  their  crystal  habits. 
One  of  the  series  (analcitc)  is  isometric  at  130®  C.  and  pseudo- 
isometric  at  ordinary  temperatures,  gismondite  is  pseudotetragonal 
and  monoclinic ;  hydronephelite  and  the  chabazite  subgroup  are 
hexagonal  or  pseudohexagonal,  thomsonite,  edingtonite,  and 
natrolitc  are  orthorhombic,  mesolite  is  triclinic  and  the  others  are 
monoclinic.  The  zeolites  are  usually  colorless  or  white  except 
when  colored  by  impurities.  The  hardness  ranges  from  3.5-5.5, 
and  the  specific  gravity  from  2.  to  2.4;  (edingtonite  2,y).  These 
minerals  arc  rather  easily  decomposed  by  acids,  usually  with 
gelatinization ;  they  are  readily  fusible,  and  many  of  them  in- 
tumesce  before  the  blowpipe,  a  character  which  gives  the  name  to 
the  group. 

Opt.  Prop.  The  zeolites  are  wholly  colorless  in  thin 
section  ( with  the  single  exception  of  chlorastrolite)  ;  they  are 
further  characterized  by  low  refringence,  the  mean  index  of 
refraction  being  in  all  cases  less  than  that  of  Canada  balsam,  and 
usually  less  than  that  of  orthoclase.  Finally,  with  the  excep- 
tion of  thomsonite  (0.027)  and  the  related  lintonite  0.017,  all 
the  zeolites  have  weak  birefringence  ranging  from  0.00 1  in  the 
analcitc  to  0.012  in  the  hydronephelite,  and  0.016  in  edingtonite. 
The  zeolites  without  apparent  elongation  are  those  which  are 
ap])arcntly  in  the  isometric,  tetragonal,  and  hexagonal  systems: 
heulanflite  and  brewsterite  have  lamellar  cleavage  parallel  to  010; 
all  the  others  are  commonly  distinctly  fibrous.  The  fibrous  zeo- 
lites are  often  in  radiated  or  spherulitic  aggregates. 

:\r.TER.  Being  themselves  alteration  products,  the  zeo- 
lites do  not  easily  change  to  other  minerals,  but  in  some  cases  they 
have  been  observed  to  alter  to  kaolinite,  or  to  calcite,  or  to  an 
amorphous  substance,  l^'nder  other  conditions  they  may  be  trans- 
formed to  albite,  or  prehnite.  By  artificial  fusion  and  recrystalH- 
zation  seme  of  them  will  yield  anorthite,  or  a  calcium-albite. 

Occur.     The  zeolites  are  practically  always  secondary 
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minerals  formed  by  the  hydration  of  aluminum  silicates  of  cal- 
cium, sodium,  etc.  They  are  derived  chiefly  from  the  feldspars, 
but  also  from  nephelite,  leucite,  sodalite,  etc.  They  are  found 
especially  in  amygdaloidal  cavities,  fractures,  and  other  openings 
in  rocks  of  many  types,  but  they  are  notably  abundant  in  igneous 
rocks  of  the  gabbro  and  basalt  groups.  They  are  found  also  in 
some  metalliferous  veins,  especially  where  the  gangue  is  lime- 
stone, and  in  the  deposits  of  hot  springs,  where  they  have  in  some 
cases  been  formed  within  historic  time  and  are  undoubtedly  now 
in  process  of  formation.  Finally,  phillipsite  is  produced  at  great 
depths  on  the  ocean  bottom  by  the  action  of  the  salt  water  upon 
the  basic  volcanic  dust  beneath  it.  The  zeolites  are  commonly 
associated  with  calcite,  prehnite,  pectolite,  apophyllite,  datolite. 

DiAG.  Analcite  is  at  once  distinguished  from  all  other 
zeolites  by  its  extremely  weak  birefringence;  in  fact  it  is  often 
"apparently  isotropic.  Chabazite  and  gmelinite  are  similar  in  hav- 
ing very  weak  birefringence ;  they  have  a  variable  but  small  optic 
angle  of  variable  sign.  Gismondite  has  a  large  optic  angle  about 
a  negative  bisectrix,  and  a  birefringence  of  0.008.  Its  exterior 
form  is  that  of  a  tetragonal  bipyramid  produced  by  complex  twin- 
ning of  monoclinic  individuals.  Hydronephelite  is  uniaxial  and 
positive,  with  a  birefringence  that  is  rather  strong  for  a  zeolite, 
viz.  0.012.  Heulandite  and  brewsterite  are  usually  more  or  less 
flattened  parallel  with  the  perfect  cleavage  (010),  and  more  or 
less  vertical  elongation  is  frequent,  especially  in  brewsterite. 
Both  have  the  positive  acute  bisectrix  perpendicular  to  the  cleav- 
age, whose  direction  is  therefore  negative.  The  optic  angle  is 
quite  variable^  but  usually  small,  in  heulandite;  it  is  large  in 
brewsterite.  The  maximum  extinction  angle  in  the  vertical  zone 
is  very  small  in  heulandite,  while  it  is  about  22**  in  brewsterite. 
Edingtonite  has,  for  a  zeolite,  rather  high  relief  and  strong  bire- 
fringence ;  the  optic  angle  is  large  and  of  negative  sign ;  crystals 
are  minute,  pyramidal. 

The  optical  orientation  of  the  remaining  zeolites  is  shown 
in  the  accompanying  diagram,  in  which  the  angle  of  extinction  in 
sections  parallel  with  010  is  given  as  measured  on  the  vertical 
axis.  This  axis  is  the  direction  of  elongation  except  in  the  case 
of  phillipsite,  harmotonte  and  stilbitc,  in  which  the  elongation  is 
parallel  with  the  clino  axis.  The  maximum  extinction  angle 
measured  on  the  axis  of  elongation  is  11**  to  30**  in  phillipsite, 
28*  in  harmotome,  and  5**  in  stilbite.    The  direction  of  elongation 


rlRlit 


o  j8  1b  unknown. 

is  +  in  phillipsite,  ±  in  lianiKHonie,  ami  —  in  stilbite.  Tltoin- 
sonilc  is  readily  Oistiiifjiiisliocl  from  alt  other  zeolites  by  its  strone 
birefrin_t;cncc  1 0.027 1  :  ''^  direction  of  elongation  is  ±.  and  it 
lias  parallel  extinction.  Xairolitc  lias  parallel  extinction;  its 
direction  of  elonRation  is  -f-,  and  its  birefringence  is  0.012. 
Scolccilc  lias  elongation  of  negative  sign,  a  maximum  extinction 
angle  of  15°  or  16°.  and  a  birefringence  of  about  0.008.  McsoHic 
lia.s  a  very  small  tnaxinium  extinction  angle  (5°).  but  the  direc- 
tion (  f  elnr.gation  is  ±,  and  the  birefringence  is  about  0.004. 
Pseud oiiicsolitc  has  a  maxinnmi  extinction  angle  of  about  20°  ; 
its  elongation  is  -|-,  its  birefringence  is  very  weak  (about  0.002), 
and  its  optic  angle  very  smalt.  Lanuioiililc  lias  one  of  the  largest 
ma-Ntmnni  extinction  angles  (25°  to  30°)  known  in  the  zeolites 
'  as  measured  on  the  elongation,  being  equaled  only  by  harmoionie 
(28°)  and  phillii)site  (it°  to  ^0°).  but  the  direction  of  elongation 
is  +  in  laumontite  and  in  phillipsite,  and  z!t  in  harmotonc,  while 
the  birefringence  of  laumontite  is  0.012,  of  harmotome  0.005,  3"<I 
of  phillipsite  0.003.     R^islUbttc  has  positive  elongation   and   a 
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small  maximum  extinction  angle  (9°),  differing  therefore  in  the 
sign  of  the  elongation  from  stilbite  ( — )  and  mesolite  (zh)  which 
also  have  small  extinction  angles ;  epistilbite  has  also  distinctly 
stronger  birefringence  (0.010)  than  either  stilbite  (0.006)  or 
mesolite  (about  0.004).  PhiUipsite  has  also  very  weak  birefrin- 
gence (0.003).  Mordcnitc  and  lintonitc  have  maximum  extinc- 
tion angles  of  17°  and  19°  only  a  little  larger  than  scolecite,  but 
mordenite  is  distinguished  by  the  variable  sign  of  the  elongation 
and  lintonite  by  its  strong  birefringence  (0.017). 

Class.    The  zeolites  are  classified  as  follows,  beginning 
with  the  most  acid: — 

Mordenite  Monoclinic  (Ca,Na^,KJAl2Sij^02^  +6yi\ip 

Ptilolite 

Heulandite  Monoclinic  CaAl.^Si,^Oj^  -\-  5H.,0 

Prewsterite  Monoclinic  (Sr,Ba,Ca)  Al.,Si^jO,^j  -h  5H.^O 

Epistilbite  Monoclinic  CaAl.,Si^P^^^  -h  5H.,0 

Stilbite  Monoclinic?  (Ca.NaJ  Al'Si,J0j,|  -h  6H.]0 

Harmotome  Monoclinic  ( Ba,K.,)  Al.,Si,Pj^  +  5H.,0 

PhiUipsite  Monoclinic?  (Ca.KJ  Al[.Si'^0^^. -h  4H.P 

Gismondite  (Pseiidotetragonal)  Monoclinic          CaAI.,(SiO^)^  +  4H.,0 

Laiimontite  Monoclinic  CaAl.^Si^O^., -f  4H.,0 

Chabazite  (Pseudobexa.)    Triclinic?        (Ca,NaJ AlJSiOj"  +  6H';0 

Gmelinite  (Pseudobexa.)   Triclinic?  (Na^.Ca) A^SiO'^)^  +  6Hp 

Analcite  Pseudoisometric  NaAUSiO^).,  +  H.,0 

Edingtonite  (Pseiidotetragonal)  Ortborbombic        BaAI.,Si.,0,^ -}- 3H.,() 

Natrolite  ( Pseudotetragonal )  Ortborbombic.    Na^Al.  Si.  ,0     +  2H.,0 

Scolecite  Monoclinic  CaAl.^Si.jO^^  +  3H.,0 

Mesolite  Triclinic     ~)  (  ;»Na..Al..SiPj^  +  2H."0 

and  [■  -]""*+" 

Pseudomesolitc  Triclinic  ?    )  (       fiCaAl.,Si^Oj^ -h  3H.,0 

Thomsonite        Ortborbombic  (Ca.NaJAlJSiOJ.,  -h  2K'H"0 
Hydronepbelite  Hexagonal  HXa^Al  JSiO^.^  -h  3HP 

MORDENITE. 

Moxo.  a:h:  ci:  0.401 :  i :  0.428  (Ca.Na.^.K.,)  Al^Si^^O^^  +  6^/3}^  O 

^  =  88\30' 

Phys.  Char.  Crystals  usually  flattened  parallel  to  010,  some- 
times in  groups  parallel  to  010;  also  fibrous,  arranged  at  times  radially 
in  reniform  and  cylindrical  masses.  Cleavage  perfect  ||  010.  11.1=3-4. 
G.  =  2.08-2.15.  Fusible  slowly  wilbout  intumescence  to  wbite  enamel. 
Not  wboUy  decomposed  by  acids. 

Opt.  Prop.  Tbe  plane  of  tbe  optic  axes  and  tbe  bisectrix  X 
are  perpendicular  to  010:  tbe  bisectrix  Z  makes  an  angle  of  7^/2^  witb 
tbe  vertical  axis  in  tbe  acute  angle  p.  Tbe  angle  of  tbe  cptic  axes  is  large. 
The  birefringence  is  weak. 

Color  white,  yellowish,  pinkish.  Colorless  in  section. 
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Occur.    Found  in  basalt  in  Nova  Scoiia  and  Wyoniing.    Rare. 

Ptilolite  is  a  very-similar  /eolilc,  always  fibrous,  with  parallel 
extinction.  It  contains  less  water  and  more  potash.  The  iibcra  have 
negative  elongation.  Birefringence  very  weak;  n^<  1.485  >  1.480,  n  > 
M^o;  «,  — np<o.oos.    Occurs  in  Colorado.    Rare. 

DiAG  Mordenite  is  characterized  by  having  its  optic  plane  and 
a  biseclrix  perpendicular  10  the  plane  of  symmetry,  which  is  inarkcd  by 
perfect  cleavagt. 


HEULANDITE. 


Mo\OCLINIC 


0,403 : 


0.429 


CaALSi^O,. 


pHVi 


34 


-fH,Q^ 


.Iways   pcrpendic- 
rly  perpcn- 


HE.ULANDITE: 


,  Char.  Crystals  often  fiallcned  |{  010;  also  equiUimcu- 
sional  of  orthorhombic  aspect  Crystals  may  be  composed  of  numerous 
Siibindividiials  in  nearly  parallel  position.  Also  globular,  granular.  Cleav- 
age perfect  ||  oio,  H.  ^3.5-4.  G.  =  2.18-2,26.  Before  the  blowpipe  ex- 
foliates, swells,  and  curves  into  vermicular  forms,  fusing  to  a  white 
enamel.     Decomposed  by  HCl  without  gelat 

Orr,  Ptiop.  The  plane  of  the  optic  . 
ular  to  010,  usually  nearly  parallel  to  001,  but 
dicular  to  that  iace.  In  still  ■other  cases  the 
optic  plauc  makes  widely  varying  angles  with 
001.  The  positive  acute  bisectrix  is  always 
perpendicular  to  010.  The  angle  of  the  optic 
axes  is  I'ariablc  even  in  a  single  crystal.  .\x- 
ial  dispersion  weak  p  <  v  when  the  optic 
plane  is  nearly  parallel  to  ool,  and  p>r' 
when  il  is  nearly  perpendicular.  Very  dis- 
tincl  crossed  dispersion.  The  optic  plane  in 
red  light  makes  an  angle  of  7°  to  la°  with 
the  same  plane  in  blue  light.  The  oplic  prop- 
erties undergo  several  changes  upon  the  ap- 
plication of  heat.  The  refringence  is  low  and 
the  birefringence  is  weak. 

(+)  2£  =  o°  to  g2°,  usually  sa°± 
"g=i-505     ft„=i.499    »p=i.498 

.-\llcr  healing  to  2jo''C.  and  thus 
expelling  the  water,  the  indices  are: — h^^^ 
1.4/4;,  n^-i.4733-  "p— 1.4651;  "g  — "p  = 
0.ooq6. 

Color  white,  yellowisli.  or  colored  by  impurities  gray,  brown  or 

Occur.  Heulandite  is  found  especially  in  basaltic  rocks,  but 
occurs  aho  in  cavities  and  fractures  in  crystalline  schists.  It  is  usually 
associated  with  other  zeolites. 

DiAG.  HeLilandite  is  rarely  fibrous,  but  has  a  lamellar  cleavage, 
with   the   positive   acute   bisectrix  perpendicular   thereto.     Brew  sterile   is 
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similar,  but  has  a  smaller  optic  angle  and  less  dispersion  of  the  bisec- 
trices, as  well  as  stranger  birefringence.  In  stilbite  the  optic  plane  is 
parallel  with  the  cleavage.  • 


BREWSTERITE. 


Mono. 


a:h\c::  0.405 :  i :  0.420  ( Sr,Ba,Ca)  Al^Si^O^^  +  sH^O 

j8  =  86°  20' 
Phys.  Char.  Crystals  commonly  prismatic,  somewhat  ver- 
tically elongated,  and  more  or  less  flattened  ||  010;  faces  of  the  prism 
zone  vertically  striated.  Cleavage  perfect  ||  010,  in  traces  ||  100.  H.  = 
5.-5.5.  G.  =  2.3-2.45.  Before  the  blowpipe  swells  and  fuses  at  3.  to 
white  enamel.    Decomposed  by  acids  without  gelatinization. 

Opt.  Prop.  The  plane  of  the  optic  axes  and  the  positive  acute 
bisectrix  are  perpendicular  to  010 ;  the  axis  X  makes  an  angle  of  22**  with 
the  vertical  axis  in  the*obtuse  angle  p  in  simple  crystals;  in  other  crystals 
this  angle  is  found  to  be  about  19**  in  central  parts  and  as  much  as  24**- 
34*  in  other  parts.  The  optic  angle  is  large.  Axial  dispersion  is  weak 
with  p  >  v;  crossed  dispersion  also  weak.  Refringence  low ;  birefringence 
rather  strong  for  a  zeolite. 

(  +  )  2E  =  93**  to  103** 
n  =  1.45 
«^  —  Wp  =  0.012 
Color  white,  yellowish  or  greenish.    Colorless  in  section. 
Alter.     Brewstcrite  sojiietimes  alters  to  calcite. 
Occur.     Found    in    drusy    cavities    in    crystalline    schists    and 

DiAG.    Sec  heulandite. 


basalt. 


EPISTILBITE. 


MONOCLINIC 


CaAl,Si,0,„  +  5H,0 


$01 


a:b:  c:: 0.504 :  i : 0.580 

P  =  54'  53' 
Phys.  Char.    Crystals  always  twinned  and  prismatic;  also  in 

radiated  spherical  aggregates;  granular.  Twins  sometimes  penetration 
crosses.  Twinning  on  100,  or  110.  Cleavage 
perfect  ||  010.  H.  =  3.5-4.5.  G.  =  2.25.  Be- 
fore the  blowpipe  intumcsces  and  forms  a 
vcscicular  enamel.  Imperfectly  soluble  in 
HCl  without  gelatinization. 

Opt.  Prop.  The  plane  of  the  optic 
axes  is  parallel  with  010;  the  obtuse  bisectrix 
Z  makes  an  angle  of  9**  with  the  vertical  axis/©<^ 
in  the  obtuse  angle  p.  The  elongation  is 
therefore  positive,  with  extinction  at  o**  to  9**. 
The  angle  of  the  optic  axes  is  large.  Distinct 
axial  dispersion,  p<v.  Refringence  low  and 
birefringence  rather  weak.  When  heated  the 
extinction  angle  gradually  diminishes,  and  the 
mineral  becomes  finally  orthorhombic.  with 
Z  II  r  and  X  ||  ^;  upon  reabsorption  of  water  Figure  212. 

the  process  is  reversed.  ^^"''^pS'tuSue"''"  ""^ 


Mrodv      j,.t~<o;*if.tjnt      (OL\»,lAl^i,0„  +  6H,0 

#=•••=•■ 
rw',s  Csim.    Crriai*  aJwzj^  tvnoed,  as  in  phillipsilc,   . 
1  eea  »•  iht  j^juiing  plane,  firulturn^  pseudoortlio rhombic 
Irti-nt^      V«iu!»'  "fiCMut       liitt;  rftoi  frnaptd  in  slieaf-Hke  ag 
;.-■.  -    .^anacnmc.      \l«n    radiated  or  tlivcrgctil. 

,i,  ■!       A    OtaTagr  [jcricci       oio.  in  traces  |l 

"-  =  z.-:»-2.JO.     BciVirc    the    blowpipe    ex- 
i  Hilar  fcrnts.  and   foscs  tu  a   white 
:  witlMjut  gcialinixatkfi. 


-     I     with    <( 

.:.   ^;   ih<- 

,.■-  -.  iT);ikcs  an 
'JO-l"  "  *'*■■"'  J-*  *ith  r  ill 
<tl^lUL  Wfil*!  ''-  ^^'^  cicmga- 
t^l^lfH^Kt  tt  ■>  ihereloRf  — . 
JPH,  «l^  "''  t'»-'  <:'pti<''  axes  is 
iXlW'^""'^''  ^bi-  rofrin- 
nvKK  'i-  '^'W  AD<I  tlic  hirefriit- 
W  Mv-4k.  Like  phillipsitc, 
iit  a  similar  reiisrvn.  stil- 
&»  «ai4l  Id  be  actitally  iri- 
IV'"  heating  it  be- 
strictly  nrthorhoiiibic. 
(~)  ^£=52' 
n,=;  1.500    Mn,- 

Hj  —  no  =  0.006 
Color  wllitf,  yellowish,  etc.   from  impiirilies.     Colorle.ss 

(  IfCfB.     Slilhilf  is   f'liind  in  cavities  in  basaltic  rocks; 
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it  also  occurs  in  fractures  in  acid  igneous  rocks,  and  in  mctamor- 
phic  rocks,  especially  gneiss.    It  is  formed  in  some  hot  springs. 

DiAG.  Distinguished  from  philli])site  and  harmotome 
by  its  lamellar  aggregates  and  lamellar  cleavage,  as  well  as  by  its 
extinction  angles  and  the  sign  of  the  elongation.  Ileiilanditc  has 
the  positive  acute  bisectrix  normal  to  the  cleavage,  while  stilbite 
is  negative  and  its  optic  plane  is  parallel  with  the  cleavage. 


HARMOTOME. 


Mono. 


a:  b 


(Ba.K.,)Al.,Si.O,^  +  SH..O 


HARMOTOME. 


r  ::o.703:  i :  1.231 

i3  =  55"io' 

Phys.  Char.  Crystals  very  similar  to  those  of  phillipsite.  but 
not  as  diversified.  Elongated  ||  . 
a.  Cleavage  easy  ||  010,  difficult 
II  001.  H.  =  4.5.  G.  =  2.44-2.50. 
Before  the  blowpipe  whiten  s, 
crumbles  and  fuses  without  intu- 
mescence at  .?  5  to  a  white  ghss. 
Decomposed  by  HCl  without  gel- 
atinization. 

OiT.  Prop.  The  plane 
of  the  optic  axes  and  the  positive 
acute  bisectrix  are  perpendicular 
to  010;  the  axis  X  makes  an  angle 
of  Cz'^zh  with  f  and  with  a,  bi- 
secting the  <^btuse  angle  p.  The 
angle  of  the  optic  axes  is  large. 
Weak  crossed  dispersion.  The 
elongation  parallel  to  a  is  ±:. 

(+)    2f/=r87° 


/OO 


1.508   ;i^=  ?   ;ip  =  1.503 


"k  —  ".•>  —  ^-^5 


FlKur*-  21 1. 
Optical   orientation  of  harmotome. 


Colorless,     white ;     yel- 
lowish by  alteration. 

Occ'TR.     Harmotinie  occurs  in  basalt  and  also  in  acid  igneous 
rocks;  also  in  gneiss  and  in  lead  and  zinc  veins. 

Di.VG.     Distingui-^hed  from  phillipsite  by  its  optical  orientation; 
also  by  greater  specific  .?;ravity,  and  the  prese:ice  of  barium. 


PHILLIPSITE  (Christianite). 


MONOCLINIC? 


(Ca,K..)AUSi^0,..  +  4H..G 


a:h:c::  0.70^)5  :  i  :  1.2563 

Piivs.  Char.  Crystals  always  penetration  twins;  in  the  sim- 
plest type  the  twinning  plane  is  001,  and  the  crystal  presents  an  apparent 
orthorhombic  or  tetrat^onnl  form.  Fre(|uontly  the>e  simple  twins  are  agion 
twinned  to  form  crosses  with  arms  parallel  to  two  or  even  three  rec- 
tangular axes.  Also  found  in  radiating  spherulites.  the  fibers  elongated 
II  a.  Cleavage  good  ||  001  and  010.  H.  =  4.-4.5.  G.  =  2.2.  Fusible  at 
7.  to  a  white  enamel.    Gelatinizes  with  HCl. 


OPTICAL  MINERALOGY. 

Opt.  Pbop.  The  plane  of  the  optic  axes  and  the  obtuse  Insec- 
;  arc  pi^rpendkular  lo  oio;  Ihe  acute  bisectrix  Z  makes  an  angle  of 
1  ,50°  with    a   in   the  obtiiae 


angle   ^;    llierefore    Zac 

to  — 4.t°.  The  elongation  is  + 
since  it  is  p^allel  with  a.  While 
the  exterior  form  of  phillipsite . 
is  apparently  monoclinic,  the  op- 
tical properties  indicate  a  tri- 
cliiiic  mineral,  since  sections  pat' 
allcl  with  oai  give  exiinclion  at 
more  than  10°  from  the  traces  of 
010,  The  angle  of  the  optic  axes 
is  variable,  but  large.  The  axial 
dispersion  is  weak.  p<v.  The 
refringencc  is  low  and  the  bire- 
fringence very  weak. 

(  +  )    at'  — Ca"    to  80° 


PHILLIPSITE 


o,c»3. 


yel- 


Colorl. 


Optica] 


ot   phElIIpBlie. 


Colorl  es 
r  reddish  by  alteratio 

OccLi.  Phillipsile  occurs  in  druses  of  basalt  and  of  other  ig- 
neous rocks;  it  is  rare  in  nietamorphic  rocks:  it  has  been  found  abund- 
antly in  red  clay,  and  other  deep  sea  deposits,  near  Hawaii :  it  occurs  of 
recent  formation  in  ?ome  hot  springs.  It  is  especially  associated  with 
chaba/ilc,  but  lo  ■jome  extent  also  with  thomsonile,  calcite,  apophyllitc. 

Wellsite  is  a  rare  iteolite  of  the  phillipsite  group  containing 
only  3H„0.  Its  crystals  are  like  those  of  phillipsite,  and  its  density  is 
2.3.  Cleavage  absent.  Optically  il  is  positive  with  a  large  axial  angle; 
the  acute  bisectrix  is  norrnal  to  Oio;  X  A  f  ^^  —  52°;  birefringence  weak. 


Di 


oricniaiion 


„,     The    twinning   of   phillipsite    is   quite   characteristic   ex- 

ipared  with  harmotome.  which  is  rare  and  has  different  optical 


GISMONDITE. 

Mono.  Psevi-tietra((on,\i..    .^xial  ratio  unknown    CaAl,(Si0^1,  +  4HjO 
Phys.    Char.     Crystals    always    apparently    tetragonal    bipyra- 

mids ;  this  form  is  produced  b>'  twinning  on  two  laws.     Fracture  uneven. 

H.  —  4,5.    G.  —  2.265,    Before  the  blowpipe  whitens,  intumesces,  and  fusts 

to  a  milky  glass.     Easily  soluble  with  gelatinization. 

Opt.   Prop.     The    negative   acute   bisectrix   is   perpendicular  to 

010;  the  axis  Z  is  nearly  normal  to  too.    The  angle  of  the  optic  axes  is 

large.    The  refringenee  is  low,  and  the  birefringence  is  weak.     Upon  hrat- 

ing  it  becomes  orthorhombic,  with  the  negative  acute  bisectrix  parallel 

lo  c  and  a  small  optic  at^gle. 
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{— )  sy  =  82°  to  83° 
»„=  1.5385 

fl,  — n,  =  o.ooS 

Colorless,  white,  grayish.    Colorless  in  thin  section. 

OccUB.  Found  in  volcanic  rocks  with  phillipsite,  etc.,  in  meta- 
morphic  crystalline  rocks,  and  in  basaltic  rocks.    Uncommon. 

Bavenite  is  a  zeolite,  recently  described,  chemically  related  to 
gismondile.  The  formula  is  Ca,.Mj{SiOj),  +  H,.0.  Il  is  in  radial  fibrous 
aggregates  elongated  ||  c  ajid  flattened  parallel  loo.  Cleavage  easy  ||  oiO. 
H.  =:5.5.  G.  —  2.72.  The  acute  bisectrix  Z  is  normal  to  010;  X  ac  = 
2'±.  2E  =  78°3o'.  (2!.'  =  47°  13').  n„=i.s8.  Found  in  druses  in 
pegmatite. 

DiA&  The  exterior  form  distinguishes  g'smonditc  from  all 
other  zeolites.    The  twinning  is  also  notable. 


MOSOCLINIC 


LAUMONTITE. 
a:b:c::  1.14SI:  1:0.5906 


!°46' 


CaAl  Si,0,^  +  4HjO 


Phys,  Chab.  Crystals  commonly  prismatic,  more  or  less  ver- 
tically elongaled  and  terminated  by  ool,  201.  in,  etc.  Faces  of  the  prism 
tone  are  vertically  striated.  Twinning  plane  loo.  Also  columnar,  radiat- 
ing. Cleavage  perfect  ||  oio  and  iio.  difficult  ||  lOO  and  3oi.  Laumontite 
sometimes  becomes  opaque  and  disintegrates  to  a  powder  on  exposure  to 
air.  H.  =  3.5-4.  Very  fragile.  G.  =  2,25-2.36,  Before  the  blowpipe  swells 
and  fuses  at  about  3.  to  a  white  enamel.     Gelatinizes  with  HCl. 

Opt.  Prop.  The  plane  of  the  optic  a 
negative  acute  bisectrix  makes  an  angle  ol 
60°  lo  65°  with  the  vertical  axis  in  the  ob- 
tuse angle  0,  and  the  elongation  is  there- 
fore positive,  with  a  maximum  extinction 
angle  of  25°  to  30°.  TTic  angle  of  the 
optic  axes  is  moderate ;  the  axial  dispersion 
is  very  distinct,  p<Cv.  Inclined  dispersion 
very  weak.  Refringcncc  low;  birefringence  . 
stronger  than  in  quarts, 

(— )  2£  =  52''24'  (red)  se'is'  (bhic) 


ices  is  parallel  lo  Oio;  the 
LAUMONTITE 


1-525  r 


1.524  ' 


1.513 


Color  white,  colorles.":.  yellowish, 
grayish,  etc.     Colorless  in  section. 

Alter.  Laumontite  easily  loses 
one  molecule  of  water  snd  becomes  opaque 
and  pulverulent ;  another  molecule  is  dri  .-e'l 
off  i.t  low  heat. 

Occur.  Found  in  veins  in  crys- 
talline schists,  clay  slate,  etc. ;  also  in  cav- 
ities in  igneous  rocks. 


lentatlon  ol 
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DiAc.  The  perfect  cleavage  in  the  three  directions  is  quite 
cluraclcrifttic.  Furliicr,  the  mineral  has  positive  elongation  with  a  large 
citlinctioii  angle,  and  strongLT  birefringence  th;in  phillipsilc, 

CHABAZITE, 

PsEL'ooHEX AGONAL  f  -  1.086  ( CaA'a^ ) Al^ ( SJO J ,  +6H,0 

Pnvs.  Chak.  Crystals  often  simple  rhombohedrons,  resembling 
-  a  cube,  since  lofi  A  I'Oi  ^^83°  14';  someiimes  more  complex  forms; 
rarely  flattened  {[  ocxii.  Twinning  plane  cammaiil)'  oooi,  usually  in  pcnc- 
traticai.  CIcavaKC  distinct  |]  loIi.  H.  =  4.-5.  G.  =  2.08-2.16.  Before  the 
blowpipe  intumesces  and  fuses  to  dark  bletiby  glass.  Decomposed  by  HQ 
with  separation  of  slimy  silica.     The  composition  is  «imi;whal  variable. 

OiT.  Pmop,  Chabaiite  is  considered  proljsbly  Iriclinic  by  Oecke 
and  Riniie,  and  tlie  pseudorhombohedral  cleavage  is  considered  10  be 
cleavage  parallel  In  coi,  010,  and  loo.  The  apparent  symmetry  is  hexag- 
onal and  many  crystals  are  optically  uniaxial,  or  very  nearly  so.  Other; 
(how  distinct  biaxial  f^iires:  these  are  comtnonlj  divided  into  seclors  of 
varying  extinction.  The  optic  angle  is  variable,  hnt  usually  small.  The 
sign  is  negative:  or,  positive,  perhaps  when  containing  more  water,  Con- 
Hdembk  healing  thnngc-i  IwHh  varieties  to  eryslals  with  strong  positive 
birefringence.  In  natural  crystals  the  refringcnce  is  low  Jind  the  birefrio- 
gence  very  weak. 

(±)    3^  =  0"-}' 


0.00,1 


OccfR  Chahajite  occurs  in  cavities  in  volcanic  rocks  often  as- 
sociated with  jihillipsite;  ii  is  found  in  fractnres  in  crystalline  limestone 
with  slilbirc.  launionlite,  thrimsraiite.  etc. ;  in  crystalline  schists  it  occurs 
with  stilhite,  heiilanditc.  laiimt^nite.  analcito.  etc.:  it  is  quite  abundant  in 
certain  liol  springs,  where  it  is  of  recent  origin. 

DiAC.  The  exterior  forms  are  like  those  of  gmelinite  from 
which  iliabazile  differs  in  cleavage  and  in  composition:  it  differs  from 
other  yf^iiles  in  being  of  variable  sign,  nearly  or  quite  uniaxial,  and  of 
very   weak   birefringence. 

GMELINITE. 

PSEI-IK.HEX  Acn.v.M.  '      c  =  0-7345  (Na,.Ca)  AI,(SiO,),  +  6H,0 

Phvs.  Char.  Crystals  usually  apparently  hexagonal  or  rhom- 
l,oliedral;  prismatic  faces  often  horizontally  striated.  Penetration  twins 
fre<|nenl.  Twinning  plane  oooi,  or  ,ioj2.  which  corresponds  to  twinning 
parallel  lo  loTi  in  thahn/ite.  Cleavage  -^asy  ||  lolo,  sometimes  distinct  || 
OOOI.  H.=:4.5.  G. —  2.04-2.1?.  Before  the  blowpipe  fuses  at  about  j 
to  a  white  unamel.  Decomposed  liy  HCi  with  separation  of  silica.  The 
composition    is    somewhat   ^■ariable,    but    similar    to    chabazilc    with    more 

Orr.   Pkor.     Similar  to  chala/ite  in   being  optically   positive  or 
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negative  with  frequent  biaxial  figures  of  small  optic  angle;  in  such  cases 
the  section  has  areas  of  var>'ing  orientation.  The  rcfringcncc  is  low  and 
birefringence  weak,  but  somewhat  variable. 

(d=)  2F  =  small 
n^  =  1 .4646- 1 .4803    Mp  =  1 .4637- 1 .4785 
Ug  —  «p  =  o.oo(X;-o.oo86 
Colorless,  white,  yellowish,  greenish,  pinkish.     Colorless  in  sec- 
tion. 

Occur.  Gmclinite  is  found  in  cavities  in  igneous  and  schistose 
rocks. 

DiAG.  Gmelinite  differs  from  chabazite  in  its  cleavage  and  com- 
position :  it  differs .  from  other  zeolites  in  being  of  apparent  hexagonal 
form,  nearly  or  quite  uniaxial,  and  of  variable  sign. 

ANALCITE. 

PsEri)OisoMETRic  NaAUSiO^).  +  rf.,0 

PiiYS.  Char.  Usually  in  trapezohedrons ;  also  in  modi- 
fied cubes,  or  in  more  complex  forms.  Also  granular  or  com- 
pact. Complex  penetration  twinning  very  common.  Cleavage  | ! 
001  in  traces  only.  H.  ==  5.-5. 5.  G.  =  2.22-2.29.  Before  the 
blowpipe  fuses  to  colorless  glass.    Gelatinizes  with  HCl. 

Opt.  Prop.  Usually  isotro])ic  in  thin  section,  but  weak 
birefringence  is  often  found,  which  disappears  upon  heating  to 
130°  C,  at  which  temperature  analcite  becomes  strictly  isometric. 
When  anisotropic  analcite  has  very  weak  birefringence  and  a  very 
small  optic  angle  about  a  negative  bisectrix. 

( — )  2V  =  very  small 

n  =  1.487 

;/k  —  «p  ==  o.ooi 

Colorless,  white,  grayish,  greenish,  etc.  Colorless  in 
thin  section. 

Occur.  Analcite  is  usually  a  secondary  mineral  like  the 
other  zeolites,  and  it  is  known  to  be  an  alteration  product  of 
nepheline,  leucite,  and  sodalite,  and  also  to  occur  in  cavities,  etc. 
closely  associated  with  other  zeolites.  But  it  also  seems  to  be 
formed  directly  from  the  cooling  magma  in  certain  basalts,  and 
other  volcanic  rocks. 

DiAG.  Analcite  is  characterized  by  very  low  refringence 
and  nearly  or  completely  isotropic  character.  It  differs  from 
sodalite  by  the  absence  of  color  often  present  in  the  latter,  and 
by  the  cleavage.  It  differs  from  leucite  by  the  absence  of  regu- 
larly arranged  inclusions  common  in  the  latter,  by  the  cleavage 
when  visible,  and  by  the  composition.     Analcite  has  higher  re- 
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f ringence  than  Opal,  and  distinctly  Imver  relief  than  rocli  glass : 
from  both  of  these  its  cleavage  also  distinguishes  it.  But  ihe 
chemical  tests  are  sometimes  necessary  to  identify  it  certainly. 

EDINGTONITE. 

OnnoBBOMiuc  a:b.c:\  0,y8? :  i :  0.673  BaAI^SijOj^i  +  3H,0 

Phvs.  Chail  Crystals  minute  snd  apparently  letragonal;  also 
massive.  Cleavage  perfect  {|  110.  H.  =  4.-4.5.  G. —2.69-271.  Fusible 
at  S.     Gelatinizes  with  HCl. 

Oft.  Prop.  The  optic  plane  la  parallel  to  010;  the  acute  bistc- 
Irix  X  is  normal  10  001.  Dispersion  p<ti  weak.  Color  while,  gniyisli, 
(link.    Luster  vitreous. 

(-)  2£  =  87°i7'  (2l--  =  5a°s5')  J 

1-S540     B„  =1-5493     »»p=  1-5383  ^H 
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Occufc     Found  with  clhcr  leolitt 
NATROLITE. 


NATROLITE 


Ortu.  a:  b:c::o.()7&y.  1:0.3536  Na,AljSi,0,a  +  zII.O 

PiiYS.  Char.  Crystals  nearly  always  prismatic,  much 
elongated,  commonly  acicular  to  fibrous.  The  prismatic  angle  is 
near  90°  producing  pseiidotetragonaJ  forms.  Faces  of  prism 
zone  vertically  striated.  Often  in  interlacing  groups  or  divergent 
Very  rarely  in  crystals  elongated  1|  b.  Erogger  regards  some 
natrolite  as  monoclir.ic,  with  ^  ~  89"  55'.  Twinning  on  30!  very 
rare,  in  penetration  crosses,  nearly  rectangular.  Microscopic 
twinning  on  no;  perhaps  also  100. 
Cleavage  perfect  ||  no;  imperfect  cleav- 
age or  parting  ||  010.  H.  =  5.-5.5.  G. 
^^  2,2-2.27,  Fusible  quietly  at  2,  to 
colorless  glass.     Gelatinizes  with  HCl. 

Opt.  Prop.  The  plane  of  the 
optic  axes  is  parallel  to  010;  the  positive 
acute  bisectrix  is  perpendicular  to  001. 
The  angle  of  the  optic  axes  is  targe.  The 
refringcnce  is  very  low,  and  the  bire- 
fringence slightly  stronger  than  that  of 
quartz. 

(  +  )  2f'-6o'*-62'  (2£^94''dt) 
«,=:  1.485-1493 

«n.=    1.476-1.482 

»„—  I.473-I.480  Ptgure  il7. 

Optical   orientAtion   ■ 
«,  —  np=^  0,012-0,013  natrolite. 
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Color  white,  colorless,  grayish,  yellowisli.  Colorless  in 
section. 

Twinning  on  lio  may  be  so  regular  and  so  fine  as  to 
lead  to  an  apparent  uniaxial  condition.  Heat  modifies  natrolite, 
and  it  becomes  monoclinic, 

OccuK.  Natrolite  is  found  in  basic  igneous  rocks,  such 
as  basalts,  occurring  as  an  amygdaloidal  filling.  It  also  occurs 
as  an  alteration  product  of  nepheline,  sodalite,  and  plagioclase  in 
syenite  and  more  basic  rocks. 

DiAG.  Natrolite  is  distinguished  from  thomsonitc  by 
much  weaker  birefringence  an<l  the  positive  sign  of  the  elonga- 
tion; it  is  distinguished  from  scolecite  and  mesolite  by  having 
parallel  extinction  and  positive  elongation:  it  differs  from  epistil- 
bite  and  laumonfite  by  having  parallel  extinction  and  a  positive 
bisectrix. 

SCOLECITE. 

Monoclinic  a:b:c::  0.976 : 1 ;  0.339  CaAI^SijOj^,  +  3H,0 

^  =  88°  50' 

Phys.  Char.  Crystals  slender,  prismatic,  vertically  striated ; 
comnionly  in  fibrous  masses,  divergent  or  radiated,  like  natrolite.  Twin- 
ning plane  eommoiiiy  100;  rarely  110.  Cleavage  nearly  perfect  |{  no. 
H.=  S,-  5.3.  G.  =  2.16-2.4.  Before  Ihe  blowpipe 
worm-like  forms  (whence  the  name),  and  fuses  at 
blebby  enamel.     Gelatinises  witti  acids. 

Opt.  Pbop,     The  plane  of  the  optic 
axes    is   perpendicular    to   oto:    Ihe    negative 
acute  bisectrix   makes  an   angle  of  about   15° 
with  c  in  the  obtuse  angle  ^.    The  refringence 
is  low,  and  the  birefringence  weak.     The  dis- 
persion of  the  axes  is  distinct  with  p<i/. 
(_)  iV^sS'T^-   (2£  =  36°26'-55''44') 
«,=  1.5194    n„=  1.5187    «p  =  1.5122 
n  ~  tij,  =  0.0072-0.0083 

Colorless  or  white. 

OccUB.    Scolecite  is  found  in  cavi-  '"*' 
ties  in  basic  igneous  rocks,  and  also  in  crystal- 
line schists,  and  in   limestone  modified  by   ig- 

DuG.  Scolecite  is  distinguished 
from  natrolite  bv  il;  inclined  extinction  and 
negative  elongation  i  from  thomsonite  by  its 
weaker  birefringence,  inclined  extinction,  and 
negative     elongation :     from     mesolite    by     \tt  ^ 

greater   angle   of.  extinction   and    its   negative    " 


clongaliun ;   from   stilhite   liy 
on  the  elongation. 


MESOLITE. 


TkiOJNic  Axial  raiio  unknown  mNa,AljSi,0,„  +  jH,0 

T  .iCaAl.Si,0,„  +  3H,0 

Phvs.  Chak.    Crystal  form  very  similar  to  tlial  of  scolecite; 

Uimmonly  tinely  fibrous  in  divcrg«iit  groups.     Twinning  on  loo  constant, 

j    hut  only  viMble  microscopically.     Geavage  perfect  ||   no  and   iTo.     H.= 

5.     G,  =  2.2'3.4.     Before  the  blowpipe   swells  into  vermicular   forms,  and 

fuses  easily  lo  3  blebby  enamel.    Gelatinizes  with  HCl. 

Opt.  Prop.  The  plane  of  the  optic  axes  is  nearly  peqiendiculsr 
to  010:  the  po«ilivc  acute  bisectrix  is  tensibly  perpendicular  lu  loo.  The 
cxlinctiuu  angle  in  a  section  parallel  to  aio  is  about  5°  lo  6'  ;  it  is  the 
same  in  ■  section  parallel  to  lOO,  The  refringcnce  is  low,  and  the  bire- 
fringence very  weak.  Twinning  nn  a  microscopic  scale  is  constant.  The 
angle  of  the  optic  axes  is  large:  the  axial  dispersion  is  very  marked  witb 
P>v. 

(4-)  al'  =  very  large. 
H, — i«p  =  0.004  ± 

Cdorlesn,  while,  gr»yi*h  or  yellowish.     Colorless  in   section. 

OccitN,     McM)lilc  uccim  in  cavKies  in  basic  igneous  rocks. 

PtAC  Mviwlite  ii>  distinguished  from  both  natrotite  and  Kole- 
citc  )^  tb«  vnriable  sign  of  the  clcmgaiion.  From  other  ieoIite«  ibis  char- 
acter, the  fibrous  habit,  and  the  small  extinction  Angle,  serve  as  distinc- 

PSEUDOMESOLITE. 

rHin.r-Mi.'  .-\vi:il  rn'io  ii.ikiiowii  .»Na.,AI..Si,Oj„  +  ^H.,0 

+»CaAC.Sr^O,„-FjH;D 
in  filirrpiu.  radiating  sphenililic  ma.^'sej 
ni  similar  In  that  of  mesolite.  bnt  twin- 
re  in  Iwo  'liricticr.s,  considered  1 10  oM 
II.  =4.5-5.  G,  =  2.215.  Fnses  at  about 
,-cliimi'  ti;   a   white  porcelain.     Gelatinises 

live   acute   bisectrix   makes   an    angle   0/ 

Ltion  c;  the  axes  X  and  Y  are  in  snch  po- 

inclii-n  sensibly  parallel  with  the  diagonals  of  the 

iriini   faces  in  cross  sections.     The  refringcnce  h 

inseiici'  very  iveak.     The  angle  of  the  optic  axes 

(  +  ■)   2J'  —  \cry  small 
(ig  —  itp  =  0.002  aliont 
II    whito.   lint   often   stained    pinkish   or   greenish. 

;!  ill  e.ivilies  in  plagioclasile  of  Carlton  peak,  Min- 
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DiAC.  Pscudomcsolitc  may  be  distinguished  from  mcsoljtc  by 
ihe-sigii  of  the  elongation,  the  large  extinction  angle,  the  very  small  optic 
angle;  from  natrollle  and  thomsonite  by  the  (extinction  angle  and  the  small 
optic  angle :  from  ncolecitc  by  the  f ign  of  the  elongation  and  of  the  acute 
hisectrix.  and  by  the  weaker  birefringence;  from  Milbilc  by  the  small  op- 
tic angle,  and  hy  the  sign  of  rhe  elongation  and  of  the  acute  bisectrix. 

THOMSONITE. 

Orth.    n:6:<r::o.993:i:  1.006    (Ca.NaJ Al,(SiO,)j  +  a/jH^O 

PiiYS.  Char.  Eiihodral  crystals  rare;  liabit  prismatic. 
usually  much  elongated,  prisin  faces  vertically  striated.  Com- 
monly lamellar  |j  010.  sometimes  fibrous  to  coluniiiar,  often  radi- 
ated. Cleavage  perfect  l|  010,  imperfect  ||  100,  in  traces  ]|  001. 
H.  ^=  5--5-5-  G.  i^  2.3-2.4.  Fuses  at  2  with  intnmescence  to  a 
white  enamel.    Gelatinizes  with  HCI. 

Opt.  Prop.    The  plane  of  the  optic  axes  is  parallel  to 
001 ;  the  positive  acute  bisectrix  is  normal  to  010.     The  refrin- 
gence  is  lower  than  that  of  orthoclase,  bttt 
the  birefringence  the  strongest  known  in         THOMSONITE 
the  zeolite  gronp.    The  angle  of  the  optic  ^^^ 

axes  is  large;  the  dispersion  is  marked, 
with  fi>v. 

(  +  )    2|/ ^  54°  ±' 

(2£,=  85°  45'  2Ey^S8'    36') 

«,  —    1 .525    f^m  =   1 .503        «p  =   I  498 
Hg dp  =  0.027 

Colorless,     white,    yellowisJi,   ' 
pink.    Colorless  in  section. 

Occi'H.  Thomsonite  is  always 
closely  associated  with  otlier  zeolites  or 
with  prehnite.  It  is  foitnd  in  cavities  hi 
igneoHS  rocks  and  in  crystalline  scJiists. 
It  also  occurs  in  crystalline  lintcstonc 
near  igneous  contacts.  It  results  from  nptioai  orieniiiiion  of 
the  decomposition  of  plagioclase  or  of 
nephelite. 

Lintonite  can  not  be  distinguished  cbemically  from 
thcnisonite  and  mesolite  and  psciidomesolitc,  but  it  ilttfcrs  from 
them  in  its  optical  characters,  since  it  has  negative  eJotigation  and 
an  extinction  angle  of  alxmt  K)° :  its  refringencc  is  less  than  that 
of  thomsonite.  and  its  birefringence  is  much  stronger  than  that 
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of  mesolite  and  pseudimicsolitc  (about  0.0171,  though 


;  than 


that  of  thomsonite;  the  optic  angle  ts  very  small  abotit  the  posi- 
tive acute  bisectrix;  it  has  a  specific  gravity  of  2.37,  and  occurs 
in  verj-  short  fibers  of  somewhat  irregular  form  in  cavities  in 
basic  igneous  rocks  in  nortiiern  Minnesota. 

Jacksoaite  is  very  similar  to  IJntotiite,  but  contains  less 
water;  it  has  positive  elongation  with  a  very  small  extinction 
angle;  its  specific  gravity  is  reported  to  be  2.68-2.8S,  and  its  h.ird- 
Hcss  6.     Ii  is  found  in  the  same  region  as  lintonite. 

Gblorastn^ie  is  another  mineral  ri^sembiing  thomson- 
ite in  cvtrnpo^ition.  Optically  it  has-  etoiigntion  of  variable  sign, 
and  ibc  cxUnctioii  angle  reaches  about  20".  It  has  distinct  pleo- 
dmbm  Irora  colorless  to  light  green.  The  hardness  is  5,5  and 
Ibe  ipecitic  gravity  is  3.15,  The  only  analysis  shows  less  water 
and  more  irvo  than  arc  found  in  thumsonite.  It  is  found  in  north- 
ern Minncsota- 

DiAG.  Thomsonite  b  readily  distingushe<l  frotri  all 
other  leotiic*  by  its  stronger  birefringence;  it  ditTers  from  others 
also  in  having  elongation  of  variable  sigtt,  and  parallel  extinction. 

HY  DRONEPHELITE. 
Hexaoonai.      .\xial  ratio  unknown      liXa.AljfSiO.jj  -J-  311,0 

Phvs.  Chab.  Commonly  apparentlj'  massive,  compact, 
microscopically  somewhat  fibrous  and  scaly.  Indistinct  prisnialic 
cleavage.  11.^4,5-0.  G.  ;=  2.26,  Easily  fusible  to  a  white 
enamel.     Gelatinizes  with  HO. 

'_)iT.  Prop.  Uniaxial  and  positive.  The  refringence  is 
low  and  the  hircfringcncc  weak. 

H=    1,49 

"«  —  'ip  —  0.010  about 

Color  while,  i)ink,  gray  to  grayish  black.  Colorless  in 
thin  section,  but  sometimes  clouded  by  dark  dusty  particles. 

Occur.  Hj-'Ironephelitc  is  often  an  alteration  product 
of  nephclite  ( whence  the  name)  ;  it  is  also  derived  from  sodalite. 
and  is  therefore  commonly  found  in  nepheline  syenite  or  related 
rocks.     It  is  frequently  associated  with  thomsonite,  diaspore,  etc. 

Ranite  is  a  variety  containing  about  5%  CaO;  it  oc- 
curs from  the  alteration  of  nephelile  in  syenite  of  Norway.    Rare. 

Di.\G.  Hyclronephelite  is  characterized  by  its  positive 
uniaxial  character;  it  is  distinguished  from  other  uniaxial  zeo- 
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lites  (and  from  natrolite,  which  sometimes  forms  uniaxial  groups 
by  twinning)  by  its  stronger  birefringence. 

ZEUNERITE,  see  torbernite. 
ZINCITE. 

Hexagonal  c=:  1.622  ZnO 

Phys.  Char.  Crystals  rare,  hemimorphic.  Usually 
foliated  massive,  or  granular.  Cleavage  perfect  j|  0001,  some- 
times distinct  ||  lolo.  H.  =  4.-4.5.  G.  =  5.43-5.7.  Infusible. 
Soluble  in  acids. 

Opt.  Prop.  Uniaxial  and  positive.  Refringence  very 
high,  n  =  2.  approximately :  tig  —  np  =  0.021  approximately. 
Color  deep  red;  rarely ' orange  yellow.  Streak  orange  yellow. 
Luster  subadamantine. 

Alter.     Atmospheric  alteration   produces  smithsonite. 

Occur.  Found  with  franklinite  and  willemite  in  Xew 
Jersey.    Rare. 

ZINNWALDITE.  see  mica  group.     ZIRCON,  see  rutile  group. 
ZOISITE,  see  epidote  group. 


Moissanite  and  the  following  new  minerals  are  not  included 
in  Part  III,  as  information  concerning  them  was  not  available  when  the 
tables  were  electrotypcd. 

HILLEBRANDITE.  1 

Orthorhombic  Axial    ratio   unknown  (CaOH)^SiO, 

Phys.  Char.  Fibrous,  often  in  radial  sphcrulitcs.  Cleavage 
prismatic.  H.  =  5.5.  G.  =  2.692.  Fusible  difficultly  to  colorless  glass.  Sol- 
uble in  HCl. 

Opt.  Prop.  The  position  of  the  optic  plane  is  variable  or  un- 
certain, apparently  parallel  with  010.  The  obtuse  bisectrix  Z  is  always 
parallel  with  c.  The  refringence  is  moderate,  and  birefringence  weak. 
The  optic  angle  (2E)  is  possibly  between  60°  and  80°  :  axial  dispersion 
p<Cv,  is  very  strong,  giving  abnormal  interference  colors. 

C— )    2E  =  70^*  ? 
n^p  =  1.612  Hh  0.003   ;i^  =  ?   tip  =  1.605  lb  0.005 
Color  porcelain  white  or  greenish.  Colorless  in  section. 


»  F.  E.  Wright:  Amcr.  Jour.  Sc.  XXVI.  1808.  p. '51 
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Occur.  Found  with  carbonate,  yellow  garnet,  and  wollastonite 
in  a  contact  zone  in  Mexico.    Very  rare. 

DiAG.  Hillcbrandite  is  characterized  by  its  moderate  relief, 
weak  birefringence,  mcxicrate  optic  angle,  and  strong  dispersion  producing 
abnormal  interference  tints. 

SPURRITE.  1 

MoNocuMc?  Axial  ratio  unknown  CaCO,  •  2CaSiO. 

Phys.  Char.  Granular  masses  with  two  cleavages,  one  g«x)d 
II  001  and  one  poor  ||  100  (?).  Cleavage  angle  79".  Twinning  on  001, 
and  an  orthodome  making  an  angle  of  alK)ut  57**  with  got,  the  latter 
pulysynthetic.  H.  =  5.  G.=r  3.014.  Infusible.  Soluble  in  HCl  with  ef- 
fervescence and  gelatinization.  Etching  figures  suggest  triclinic  sym- 
metry. 

OiT.  Prop.  'J'he  optic  plane  and  acute  bisectrix  X  are  nonnal 
to  010,  and  Z  is  sensibly  parallel  with  a.  The  refringence  is  high  and 
the  birefringence  strong,  while  the  optic  angle  is  moderate.  Distinct 
crossed  dispersion,  with  p  >  r  weak. 

(  — )    2E-7o°    {2V  =  Z9V2°) 
n^  =  1.679  «^  =  1.674  «p  =  r.640 

"k  — "p  =  <^-^39 
Color   pale  gray,  bluish,  yellowish.     Colorless  in   section. 

Altkr,  .'Mteration  to  carbonate  in  fine  aggregates  occurs  first 
along  cleavage  planes  and  fractures. 

OrciR.  Found  with  yellow  garnet,  calcite,  and  gehlenite  in 
a  zone  of  contact  metamorphism  in  Mexico.     Very  rare. 

DiAG.  Spurrite  is  recognized  in  thin  section  by  its  strong 
birefringence,  imperfect  cleavage,  moderate  optic  angle  of  negative  sign, 
and  high  relief. 


^  F.   K.    Wri^JThl:  Auki:  Jour.  »Sc.  XXVI.   1!«0S.  p.  517, 
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TABLES  FOR  THE  DETERMINATION  OF  MINERALS 

MICROSCOPICALLY. 

In  the  table  which  follows  minerals  arc  primarily  classed  as: — • 
A.  Opaque.  B.  Isotropic,  C.I.  Anisotropic,  uniaxial,  C  .II.  Anistropic,  bi- 
axial, and  then  arc  subdivided  on  the  basis  of  their  refringcnce.  In  order 
to  use  this  property  of  refringence  with  more  precision  the  following  scale 
has  been  adopted : — 

Scale  of  refringence. 

1.  Fluorite.     Very  low.   n  <  1.52. 

<  Limit  orthoclase  «m=  1.523- 1.526 

2.  Quartz.    Low.    «>  1.52  <  1.59- 

<;  Limit  muscovite  «„=  1.587- 1.605 

3.  Common' hornblende.     Moderate.    n>  1.59  <  1.66. 

<  Limit  cjistatitc  «p  =  1.656- 1.665 

4.  Augite.  High.    «  >  1.66  <  1.75 

<  Limit   staurolite  n^  =  i. 746-1. 75  + 

5.  Zircon.  Very  high,  n  >  1.75. 

« 

Whenever  a  direct  comparison  by  the  Bccke  method  can  be  made  be- 
tween the  indices  of  the  unknown  mineral  and  those  of  the  common  min- 
erals thus  selected  as  limits  an  absolutely  accurate  classification  is  possible 
even  though  the  differences  in  the  indices  are  very  slight.  For  this  pur- 
pose not  only  are  the  minerals  named  above  available,  but  other  common 
minerals  arc  very  near  the  limits  selected.  Thus,  in  addition  to  orthoclase 
we  have  microcline  with  «j„  =  1.522- 1.526  and  anorthoclasc  with  «p  = 
1.521-1.525;  with  muscovite  we  have  brown  and  green  biotite  for  which 
11^=1.579-1.603  (omitting  black  varieties),  clinochlore  with  »n^=  1.586- 
1.588,  and  talc/with  n^=^  1589;  in  place  of  enstatite  we  may  use  bronzite 
with  «m=  1.668,  or  pure  calcite,  with  Wg=^  1.6585.  or  pure  diopside  with 
fip^  1.671-1.677,  or  the  common  iron-poor  positive  varieties  of  olivine 
which  have  Mp:=  1.654- 1.672;  finally,  instead  of  staurolite  we  may  use 
grossularite  garnet  with  n=  1.744- 1.757,  or  epidote    (rich   in   iron)    with 

Wm=^-754- 

Further,  the  comparison  by  the  Becke  method  of  the  indices  of  an  un- 
known mineral  with  those  of  any  known  mineral  with  which  it  may  be 
in  contact  will  always  give  at  least  one  limit,  and  in  connection  with  the 
visible  amount   of   relief  this   may   be   sufficient. 

But  it  is  believed  that  minerals  can  be  accurately  classed  in  this  scale 
of  refringence  in  nearly  all  cases  simply  by  comparing  the  relief  of  the 
unknown  mineral  with  that  of  the  various  type  minerals  selected,  or  with 
that  of  the  minerals  selected  as  limits.  For  this  purpose  the  type  minerals 
or  the  limiting  minerals  may  be  sought  in  sections  already  available,  or, 
more  conveniently,  they  may  be  all  mounted  with  the  proper  orientation 
to  show  the  indices  desired  in  a  single  slide.  Such  a  slide  would  then 
serve  as  a  standard  for  comparisons. 

In  view  of  the  fact  that  an  unknown  mineral  is  usually  cut  in  an  in- 
definite direction,  and  that  therefore  its  relief  may  correspond  to  any  of  its 
indices,  or  to  any  intermediate   values,  all   minerals   are   entered   in   the 


416  OPTICAL  MISURALOGY. 

table,  not  un  the  h«»iii  of  ihc  mesn  index  of  reffnciion,  but  in  as  many 

pU«*  at  neccksnry  lo  express  the  whole  range  of  the  indices  of  refraction. 

Fiinber  sabJiviiioiu  iii  Ibc  first  table  are  based  on  the  birefringence. 

For  convenience  in  (he  use  o\  ibis  diaracter  the  following  scale  has  been 

Seotr   of  hirtfringCKct. 

^iLruciie.    Very  weak.    «,— ",<o.oo35       l}ark  erays  i 

"nhdcbse.     Weak.    ",  — «,  >o,<X>J5<tt"»05.      Gray  and  while  '  £? 

^ 'II;peT>lbeoe.     Moderate.  ■,  — ■,>a.ooi>5  <  0,0185-  Yeilow  and  red  j  '' 

4.  Autitc-    Raibei  iiroos;.    •,  —  ■,>  0x1185  <  0,0275.  Blue  and  green  \  £f    -^ 

5.  Diopside     Strong.    ■,  — «,  >  0.oa7S  <0-0.1S5-     Vellow  and  red  f  H    I 
MbkotiIiu    Strong.    ",  —  %>  0.0355  <  0,0445.       Blue  and  green  )  £^ 

,-     AcniK     Very  uroeig.     ■,  —  ■,>  0/1445  <a056S-  Yellow  and  red     f     81 

R    Titawic    Extreme    •,— •,>at^5.       Greenish  and  violet  grays     r5^l 

I     Iff, 
Siaor  aD  anuMmpK  minentj  may  be  cut  so  as  to  give  the  lowest 
L.  flnly  Ilic  MitnMnti  birefringence  is  a  property  of  de- 
rnnd  »  H  neee«anr  10  a»sunie  that  the  maximum  itrtcr- 
•eraoA  etdot  m  br  obtained  ftura  tbe  given  unknown  Diiiicral.     But  in 
LiiDuin  btrefrtngencc  varies  with   variation 
I.  a»  »  horaMetHle.  ibe  names  are  entered  in  the  tabuh- 
«.  MWr  ptici  ■  a*  necesacy  In  cxprnE  such  variations, 
icr  MUmdom  in  the  ftvmfn  of  ouBerals  having  similar  refrtn- 
gtwce  ami  fcirtbiagence  are  bawd  on  characters  often  more  difficult  to 
ihmwwii    or  tofttvct  W  exe«p<iofti.    Tbos,  raeh  groi^  ii  first  divided  into 
^onitivv  aMrrrali  asd  Dentin  aimrrals.  and  (beti  each  division  is  cl.issifie'I 
.n.>.>'i>l':«   ;,•   tV   crystal   iy^tem.   begini'ing   with   tbe   system   of    jfrcTiler 
.i>i'iiiv!-\  .   nnj:!>.  Ill  ihtf   ^niall  groitp*  thus  established  the  minerals  are 
,\i.-'rti>l    Tv-ord'.fi:  a*   ihey  have  no   elongation,   positive   elongation,   plin 
i-i    riiiivi,  i','i'>:;ii-i>ii.  or  ;H-i:;itive  elonention. 

i'l'ii   vli.i-.i.-ttr-  i'\prtssed  in  the  table,  but  not  used  in  the  claisifica- 
11, 'ii,    'II.'-'. k-   ;ht'   "I'fic   orientation,   I'Miuctton   angles,   color,   pleocbroism, 
ilispersion.  and  chemical  composition. 

:iy  lie  illustrated  by  the  following  example/;.  In 
ricss  mineral  occurs  which  is  anisotropic  wiih 
nk'r  .IS  the  maximum  interference  color.  The 
ahoMt  0.025  mm,,  as  determined  from  tlic  bire- 
N  in  the  slide:  the  birefringence  of  the  unknown 
o.or,!.  or  moderate.  The  mineral  has  no  relief; 
li  on  rotation  between  crossed  nicols  show  that 
By  reference  to  Ihc  general  classification  on 
re  nmpic  to  indicate  that  the  mineral  belor.gs  in 
his  group  the  only  negative  mineral  with  a  bire- 
:.  This  determination  is  confirmed  by  the  pres- 
rtangular  directions  in  basal  sections  and  cleav- 
is  in  vertical  sections. 

I   determination    depending   upon   more    charac* 
romplicated,  the   following  may  serve.      A   good 
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thin  section  of  a  peculiar  dark  grayish  green  massive  rock  from  Montana 
contains  numerous  sections  of  a  strongly  pleochroic  mineral  (green  and 
yellow),  with  high  relief  like  that  of  augite;  its  highest  interference  color 
is  yellow  of  the  second  order,  which  indicates  strong  birefringence.  If  it 
were  impossible  to  obtain  characteristic  interference  figures  to  determine 
whether  the  mineral  is  uniaxial  or  biaxial,  by  reference  to  the  general  class- 
ification on  page  418  it  will  be  seen  that  since  the  mineral  is  anisotropic 
with  high  refringence  and  strong  birefringence  it  must  be  found  cither  on 
page  439  under  group  4e  (if  uniaxial),  or  on  page  460  under  group  4e  (if 
biaxial.).  The  mineral  has  good  cleavage  in  two  directions  nearly  at  right 
angles,  therefore  it  is  neither  tourmaline  nor  hematolite  (see  page  439) 
and  must  belong  on  page  460.  The  mineral  is  elongated  parallel  to  the  in- 
tersection of  the  cleavages,  and  one  infers  that  the  cleavages  are  prismatic 
and  the  elojigation  parallel  to  c.  The  extinction  in  vertical  sections  varies 
from  o*  to  about  30° ;  therefore  the  mineral  is  monoclinic.  The  direction 
of  elongation  is  always  negative  and  the  angle  between  Z  (or  Y)  and  c  is 
about  60°.  The  only  mineral  with  this  extinction  angle  in  the  group  4e 
(page  460)  is  aegirinaugite.  The  pleochroic  formula  confirms  this  deter- 
mination, as  well  as  the  fact  that  the  mineral  is  actually  biaxial  and  posi- 
tive. In  the  preceding  description  the  last  named  characters  were  not 
used  in  order  to  illustrate  the  use  of  the  tables  when  certain  characters 
could  not  be  determined. 


Success  in  using  the   following  analytical   tables  depends  wholly  n 
Rccurncy  m  assigning  a  mineral  lo  the  group  in  whieh  it  belongs;  the= 
fore  the   foliowiog  general   classificalion   should  be  used  with  the  u 


A.  Opaque.  P^e  -~»i» 

I.  Always  opiique  in  thin  section _^ 

II.  SubtransliKcnt  to  opaque  In  thSn  section 4a 

B.  Isotropic. 

I.  Amorphous —  .jy 

II,  Isomelric. 

r.    Refringejicc  very  low<i,S2 43; 

2.  Refringence    l0w>  I.5a<  I.59    Vo 

3.  Rcfringence  moderate  >  1.59  <  1^    4)6 

4.  Refringence    high>  1.66  <  175    436 

$.     Rcfringcncc    very   higb>i.75'- --^ 

C.  Anisotropic. 

I.    Uniaxial  and  II.    Biaxial.  ^r— -ruiu 

0.  Indices   unknown    -  -  +1^ 

1.  Rctringence    very    low  <  1.52 

a.     Birefringence   i;nknown    447 

a.  Rircfringence  very   weak  <  0,0035 43"^^   4^8 

b.  Rircfrmgeiice    wtak  >  0.0035  <^  0,0095    A3<^^    44^ 

c.  Birefringence  moderate>o,oo95<o.ol85   4J=^    44^ 

d.  Birefringence  ratlier   strong>o,Oi85  <o,0275 43^^^    449 

r.     Birefringence    strong  >o.027S  <0O355    43^^^    44P 

f.  Birefringence    strong  >  0.0355  <0-S44S     43^*=    -■■ 

g.  Birefringence   extreme  >  0.0565    43=^   «9 

J     Refringcnce    low  >  1.52  <  i. 59- 

a.     Pirefriiigcnce    unknown     -    4.W 

a.  Birefringence   very   weak<0-0033 43^^   «" 

b.  Rirefrinsence    weak  >  0,0035  <  0-OO93    43  ^=   ^ 

c.  Birefringence  moderate > 0,0095 < 00185    43-^   45' 

d.  Birefringence    rather    strong  >  0,0185  <  0.0275 45-3   452 

e      Birefringence   strong  >  0.0275  < 0,0355    4J^   452 

f.  Birefringence    strong  >  o,0355  <  0-O445    AS-*    ■'JJ 

g.  Birefringence   very   strong  >  0,0445  <  0,0565 4J^   45J  ; 

h.     Birefringence   extreme  >  0.0565    455   4a  I 
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GENERAL  CLASSIFICATION  OF  MINERALS— (Cont). 

Uniaxial  Biaxial 

Anisotropic.     (Cont.) 

I.    Uniaxial  and  IL  Biaxial.     (Cont.) 

'  3.    Refringence    moderate  >  1.59  <  1.66 

a.     Birefringence  unknown   454 

a.  Birefringence  very  weak  <  0.0035 435  454 

b.  Birefringence   weak  >  0.0035  <  0.0095    436  454 

c.  Birefringence  moderate  >  0.0095  <  0.0185   436  454 

d.  Birefringence    rather    strong  >  0.0185  <  0.0275 437  455 

e.  Birefringence   strong  >  0.0275  <C  0.0355    437  456 

f.  Birefringence    strong  >  0.0355  <  0.0445    437  456 

g.  Birefringence    very    strong  >  0.0445  <  0.0565 438  457 

h.     Birefringence   extreme  >  0.0565    438  457 

4.  Refringence   high  >  1.66  <  1.75. 

a.      Birefringence    unknown     457 

a.  Birefringence  very  weak  >  0.0035 439  458 

b.  Birefringence  weak  >  0.0035  <  0.0005   439  458 

c.  Birefringence  moderate  >  0.0095  <  0.0185    439  458 

d.  Birefringence    rather    strong  >  0.0185  <  0.0275 439  459 

e.  Birefringence    strong  >  0.0275  <  0.0355    439  460 

f.  Birefringence   strong  >  0.0355  < 0.0445    440  460 

g.  Birefringence    very    strong  >  0.0445  <  0.0565 440  461 

h.     Birefringence   extreme  >  0.0565    440  461 

5.  Refringence  very  high  >  1.75. 

a.     Birefringence    unknown    462 

a.  Birefringence  very  weak  <  0.0035 441  462 

b.  Birefringence  weak  >  0.0035  <  0.0095   441  462 

c.  Birefringence    moderate  >  0.0095  <  0.0185     442  462 

d.  Birefringence    rather    strong  >  0.0185  <  0.0275 442  463 

e.  Birefringence    strong  >  0.0275  <  0.0355    442  463 

f      Birefringence    strong  >  0.0355  <  0.0445    443  463 

g.     Birefringence    very    strong  >  0.0445  <  0.0565 443  463 

h.     Birefringence   extreme  >  0.0565    444  464 
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Dist 

Perf. 

Perf. 

oo 

rH  rH 


^ 

■ 

1-1 

• 

i 

• 

i 

'UIO 

om. 

om. 

• 

B 

o 

• 

o 

E 

H 

H 

S 

us 
OeS 

OeS 

us 
OeS 

is    ^    ^ 


o 


C.  <n).  AnisotTQi 

0,    Indice*  Dnknown 

SIGN 

siraT. 

ELONGATION 

OPT. 
ORIENT 

COLOR 

ABSORP 

CLEAVAGE 

" 

Sign  1  DireciBst.  Ang. 

T 

Uono. 

Pyi-m. 

^.A'^}i' 

Ccdoriesi 

Dim.  U  100 

7 

MoDaL 

7 

i\e 

(tot  PL  11  dong. 
1  desy-± 

ColoricH 

ttdong. 

- 

7 

7 

T 

7 

7A*^=-«»>i' 

ColoricM 

II 010 

+ 

Orth. 

+ 

II  f  7 

Z!!<: 

XllA 

CoIotlcM 

Din.  goal 

+ 

Orth. 

+ 

(1010 

XII* 

ZIK. 

YcUowin 

7 

Perl  JI 010 

+ 

Orth. 

+ 

Hi- 

z,.       X.. 

Red  in  mass 

7 

Dirt.  11 010 

4- 

Oith- 

- 

ll  001 

Yik 

Zlli 

? 

I 

+ 

MODO. 

7 

7 

ZAa= 
42' 

Yll* 

YcHow  to 
brown 

Pleoch. 

Perf.  11  100 
Poor  11  010 

- 

+ 

UODO. 

7"  to  IS'^ 

Xlk 

Colorless 

Perf.  II 100 
Perf.  II  001 

+ 

Mono. 

+ 

II 001 

-67= 

Yii* 

Green  in 
mass 

7            Perf.ilOO! 

-+- 

Umo. 

+ 

n^ 

+17" 

Xll^ 

i„^CSU. 

7          Pert.  II 010 

4- 

Uma. 

- 

lt<: 

45" 

Zit* 

Brown 

■Weak             NoneT 

' 

Orth. 

+ 

II  001 

Xl!f 

Zt\i 

Co1or!eM7 

Perf.  1  001 

- 

Orth. 

+ 

Ik 

2||<: 

XII* 

leuYdfcpplBk 

? 

Dist     100 

- 

Orth. 

f  ■ 

II 010 

XII* 

Zlic 

Z>Y>X 

Perf.  1  010 
Poor  001.100 

- 

Orth. 

+ 

Ik 

zik 

Xii* 

GreenUh 

? 

Perf.     010 

- 

Orth. 

- 

liOOl 

Xlk 

Zll* 

Blue  green 

? 

7 

■: 

- 

Orth. 

- 

II  001 

X|[r 

Zlia 

Zblue 
Y=X  green 

? 

Perf.  :i  001 
Poor  1  100 

? 

- 

Orth. 

+ 

Bf 

0° 

ZIU7 

Blue 

Strong 

7 

7 

- 

Orth. 

^ 

Ik 

Ylk 

Xii* 

Brown 
fpleoch. ) 

r>x>r 

Perf.  1  010 
Perf.  |i  no 

) 

- 

Orth. 

- 

11  001 

Zjk 

XII* 

Colorless 

Poor  1  100 

1 

- 

Orth. 

-- 

Ik7 

Xlk 

Yii* 

^p1:o'55S;" 

7 

!,  001 
I'OIO 

^ 

- 

Mono. 

Pyr. 

XA£= 
-25" 

Zll* 

Colorleu 
to  yellow 

7 

DUt.  t  110 

! 

-            - 

Mono. 

7 

J 

+75° 

Xlk 

Red  to  giaj 

7 

DistT  100 

biaxial  Minerals. 
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Wm 

/fp 

Hg—n^ 

OPT.  ANG. 

DISP. 

NAME 

COMPOSITION 

7 

• 

7 

• 

7 

2^=110° 

Incl. 
marked 

Cuspidine 

CaiSi04withCaF27 

7 

7 

Strong 

Large 

? 

Dawsonite 

NaAl(0H)sC08 

7 

• 

7 

• 

? 

2^=55^ 

cross. 

Wapplerite 

HCaAs044-3MHsO 

7 

• 

7 

• 

7 

• 

7 

• 

2^0=119° 

p>v 

Molybdite 

MoOs 

7 

• 

7 

• 

2^=70° 

very  stronff 

Orpiment 

AS2S3 

7 

• 

7 

• 

7 

• 

2^-70°± 

p>I/ 

Hemafibrite 

Mn3(OH)3As044-H20 

7 

• 

7 

• 

7 

• 

Large 

p<2/ 

Flinkite 

MnAs04-2Mn(OH)2 

7 

• 

7 

? 

2/^=95^ 

Incl.  dist 

Triplite 

(Fe,MnF)(Fe,Mn)P04 

7 

• 

7 

• 

7 

• 

? 

2Ar=104" 

? 

Heintzite 

KMg2BaOifi-i-8H20 

7 

1      • 

7 

• 

7 

* 

2^^-82^ 

P>v 

Ludlamite 

Phos.  of  Fe,H 

7 

• 

? 

2f^-75° 

? 

Hubnerite 

MnW04 

1 

7          7 

1 

7 

Small 

? 

Synadelphite 

Ars.  of  Mn,AUH 

7 

• 

7 

• 

7 

2^=108° 

p.  1/ 
weak 

• 

Lanthanite 

La2(C03;3+9H20 

? 

7 

• 

2^=54*^ 

P<v 

Eosphorite 

Phos.  of  Al.Mn,H 

? 

Very  large 

Moderate 

Lepidocrocite 

FeO(OH)? 

7 

• 

• 

2^=%°d= 

7 

Brochantite 

Cin(OH)6S04 

7 

• 

7 

2^=67° 

P>z/ 
strong 

Serpierite 

Sul.  of  Zn,Cu,H 

? 

7 

2^=76° 

p<2/ 

Gerhardtite 

Cu(N03y3Cu(OH)j 

? 

7 

7 

strong 

Cyanotrichite 

Sul.  of  Al.Cu,H 

7 

Strong 

Small 

p>v 
fery  strong 

Manganite 

MnO(OH) 

7 

? 
7 

2^=74°± 

p>V 
marked 

Childrenite 

Phos.  of  Al,Fe,H 

7 

• 

7 

7 

l^ngite 

Cu4(OH)«S04+IW) 

? 

7 

2/^=81° 

P>v 
wemk  horis 

Durangite 
Hureaulite 

Na(AlF)As04 

7 

7 

2^=174° 

P>v 
■trong 
crossed 

H2Mn5P04+4H.X) 

C.  (11).  Anisotropic 

0,    Indices  unknown  (Cont.) 

SIGN 

SYST. 

ELONGATION 

OPT. 
ORIENT. 

COLOR 

ABSORP 

CLEAVAGE 

Sign  J  Diiec 

Ext.  Ang. 

- 

Mono. 

—25° 

Xll« 

Blue  to  green 
in  mass 

7 

Poor  U  110 

- 

_ 

Mono. 

+ 

11001 

Z|]3 

VElX*^ 

T 

Pert  II 001 
Dist  E  HO 

- 

Mono. 

± 

II  # 

0° 

YM 

Colorien 

Perl.  EMI 

- 

Mono. 

± 

lU 

—28' 

Z\\h 

T 

7 

Perf.iiOlO 

- 

Mono. 

± 

II « 

YllA 

""-^ 

Redinmus 

? 

P7i«nr 

- 

Hono. 

- 

II 010 

Z\\i 

Coloriess 

11010 

„ 

Mono. 

- 

Uc 

+10' 

Y||i 

Blue,    green? 

Pert  11 001 

- 

Tri. 

+ 

\\c 

Ert.  on  010 

Xil00:= 

o™g. 

Perf.  II  100 
Pert  11 010 

~ 

Tri. 

+ 

11001 

-■»°i 

Brown  to  yel 

Perf.  i;  010 

- 

Tri. 

- 

II  ■: 

+23" 

ZA*= 
5" 

Y%X%%^ 

Z>X.  Y|  Pom  1^010 

Kefringenceveiylow  <L52 

H.     Bicefringence  unknown. 

,,              7 

Ortb. 

BxlU 

Opt.  PL 

1(100 

Coloriess 

Poor  U  III 

7 

Mono. 

7 

:;. 

Bsllfli: 

Yll* 

-Coloriess 

? 

+ 

Orth. 

+ 

lU 

Z\]C 

XII  a 

Coloriess 

Perf.  II  010 

+ 

Orth. 

± 

varies 

XII  <: 

zit* 

Colorless 

Perf.  U  001 
Dist  II 010 

+ 

Mono. 

XA,t= 
+4° 

Y||/ 

Bine  in  mass 

7 

7 

+ 

Mono. 

—1° 

YllA 

Coloriess 

7 

+ 

Mono. 

Pyr. 

ZAf= 
76° 

Ylli 

Colorie»i 

Perf.  mil 

+ 

Mono. 

± 

II  c 

ZAc^ 
+68" 

X[|* 

Coloriess 

Poor  II  001 

- 

Mono. 

XA<= 
-52= 

ZM 

Colorless 

Perf.  II 001 

- 

Mono. 

+ 

II   T 

+30" 

Xlii 

Colorless 

Perf.  il  100 

- 

Mono. 

- 

U 

—44° 

Yll* 

Colorless 

None? 

- 

Mono. 

~ 

M 

^r 

Xllf 

Colorless 

Perf.  1]  100 

cial  Minerals  (Cont.) 
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"m 

//p 

ftg—n^ 

OPT.  ANG. 

DISP. 

NAME 

COMPOSITION 

7 

• 

7 

• 

7 

7 

• 

2iE'=133^ 

P<z/ 

Liroconite 

Ars.  of  Al,Cu,H 

7 

• 

7 

• 

ZE=66° 

strong 
? 

Herrengrundite 
Lanarkite 

CCu,CaM0HMS04>.' 
+3H.X) 

7 

• 

7 

• 

Strong 

Not 
strong 

? 

2iy=65° 

PbsSOs 

7 

• 

? 

7 

7 

• 

Clinohedrite 

ZnCa(0H)::Si03 

7 

• 

7 

• 

2[^-83^ 

7 

• 

? 
strong.Incl. 

Sarkinite 

Mn(j(As04)2-Mn(OH)2 

7 

• 

7 

• 

7 

• 

2//:=112° 

Copiapite 

Fe4S502i+18H20 

1 

7                7 

1         •                 • 

? 

2£'=137°=f= 

Clinoclasite 

Cu3(OH)aAs04 

7                7 

•                                  • 
1 

? 

2£'=63° 

strong 

7 

• 

Amarantite 

Fe..&O9+7H20 

7 

7 

• 

7 

• 

7 

• 

2A^-58° 

Romerite 

FeFe2(S04)4+12H20 

7 

• 
m 

7 

• 

7 

• 

7 

Pseudomalachite 

Cu;P20h-2Cu(OH)2 

1.47 

7 

• 

7 

• 

7 

1        • 

2jE'=100''iL- 

7 

■ 

P.     2/ 

p  !^ 

strong 

p  ..-v 

P>v 

P^^v 
Incl.  dist. 

P<  1' 
weak  horiz. 

Fluellite 

AIF3+H1O 

1.474 

7 

• 

7 

• 

2E=7r 

Boussingaultite 

(NH4)'Mg(S04)24-6H20 

1.5196 

7 

• 

2K=45° 

Newberyite 

HMgP04-f3H20 

1.502 

7 

• 

7 

• 

2^^=60°  d= 

Stnivite 

NH4MgP04+6H:K) 

1.491 

7 

7 

• 

7 

• 

7 

• 

2^=49"^ 

Cyanochroite 

Ki»Cu(S04)2-f-6H20 

1.47 

7 

• 

■       7 

• 

2K=48° 

Picromerite 
Kieserite 

.K2Mg(S04)L>-f6H20 

1.46 

2-£:=90^ 

MgS04+H20 

7 

• 

7 

• 

7 

• 

7 

• 

7 

• 

7 

• 

2^-120°db 

Pachnolite        '         NaCaAlFe+HiO 

? 
7 

• 

7 

• 

2^=70^ 

p'.  2/ 

weak 

crossed 
strong 

Thomsenolite               NaCaAlFc+HjO 

7 

• 

2£"=123^ 

Mirabilite 

Na-SO^+lOHsO 

1.500 

7 

• 

2  ^ -70° 

Incl.  dist. 

Blodite 

MgNa:t(S04)2-f4H20 

1.50 

7 

• 

7 

• 

2jE:=137° 

p<v 

Trona 

HNa3rC03)i+2H20 

C.  (11.)  Anisotropic  1 


Refringence  very  low  <  1.52 

a.     Birefringence  very  weak  ■<  0.0035 


SIGN 

SYST. 

ELONGATION 

OPT.    1 

' 

ABSORP. 

CLEAVAGE 

Sign 

Ditec. 

ExtAng. 

ORIENT.|     '-"'-"" 

+ 

Orth.? 
Pa.  fa. 

Z||<i     1    Colorless 

I 

+ 

Orth. 
Pa.  Hz. 

- 

1001 

Z\'.c 

XII A 

CoIorteBS 

+ 

Mono. 

+ 

lit 

'^^ 

xn« 

ColoilEM 

Disi,t  OM 
Dist.  J  010 

+ 

Tri. 

+ 

II -^ 

'^^ 

? 

Colorless 

Dirt,  t  in 

± 

Tri. 
P«.  ttc. 

Bx.imoi± 

Colorless 

DisL  11  lOTl   1 

„ 

Pi.Ii. 

1 

Colorlc« 

b.    Birefringence  weak  >  0.0035  <  o-oogs 

T 

Mono. 

±  1  U 

YAc= 

+ir 

X||# 

Colorless 

PeilllOIO 

+ 

Orth. 

varies 

Z||o 

X)|A 

Colorless 

Dist  II 001 

+ 

UonoL 

^^f 

xn* 

Coloriess 

Perf.  11001 
DiBt.  [1 110 

+ 

Mono. 

± 

11(1 

Zll« 

Colorless 

Dist  if  010    1 

+ 

Mono. 

- 

11010 

Taries 

Z11* 

Cotorius 

Perf.  (1010    1 

+ 

Tri. 

± 

,i. 

Zlltzb 

Colorleis 

Petf.  (1  no 

Perf.  11  lIO 

± 

Pb.Hx. 

Colorless 

Dist  II 1010   \ 

Hmo. 

or± 

W" 

XA— 
+5° 

Z|I(S 

Colorless 

PerLiiOOl    , 
Dist  1010    ^ 

- 

MODO. 

- 

!l* 

XA«- 
+5" 

Y||i 

Colorless 

Peri,  tl  010  '1 

- 

Mono. 

- 

lU- 

XA<r= 
4-15^ 

ZM 

Colorless 

Pert  II 110  |l 

- 

Tri. 

- 

"  01"  i  o^'-'s" 

Exl.  on^ 

Colorless 

1  Pert  II 001  1, 
'  Distil 010  1^ 

c.     Birefringence  moderate  >  0.0095  <  O.0185 

+ 

Orth. 

.- 

;i. 

Zi|^ 

Xllti 

Colorless 

Pert  1(110    \ 

+ 

Orth. 

- 

lie 

XH^ 

t 

Colorless 

T 

f 
+ 

Mono. 

- 

Ik 

XAc= 
+22" 

ZIIJ 

Coloriess 

Perf.  11 010 

Mono. 

- 

11" 

«|r 

ZIIA 

Colorless 

Perf.  11  OM  1 

Kial  Minerals  (Cont.) 
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Hm 

«p 

Hf^-ftp 

OPT.  ANG. 

DISP. 

NAME 

COMPOSITION 

1 

■ 

1.508 

0.001 

Very  small 

? 

liOiioite 

KAlSisOe 

1.478 

? 

0.002 

2£'=66** 

? 

Tridymite 

SiOs 

1.48 
to  1.51 

? 

0.003 

2  K=70° 

weak 

Phillipsite 

(K2,Ca)Al2(Si03)4+4H20 

Very 
low 

? 

0.002^ 

Very  small 

7 

• 

Pseudomesolite 

Sil.  of  Al,Ca,Na,H 

\ 

7 

• 

1.485 

0.003 

Small 

7 

• 

Chabazite 

(Ca,Na2)Al2(Si03)4+6H20 

1.487 

? 

0.001 

Very  small 

7 

• 

Analcite 

NaAl(Si03)2fH20 

Very 
low 

? 

Weak 

2  F  large 

7 

• 

Mordenite 

Sil.  of  Al,Ca,Na.K,H 

1.470 

? 

? 

2£'=153° 

P>v 
weak 

Thenardite 

Na2S04 

1.364 

? 

Weak 

2£'=59° 

P<v 
Horiz. 

Cryolite 

NasAlFe 

1 

? 

1.503 

0.005 

2^=87^ 

Crossed 
weak 

Harmotome 

Sil.  of  Al,K,Ba,H 

\ 

1.499 

1.498 

0.007 

2E=52°rb 

Crossed 
strong 

Heulandite 

H4CaAl2(Si03)6+3H20 

Very 
loiw 

7 

0.005  ± 

2  K  large 

PJyv 
dist. 

Mesolite 

Sil.  of  Al,Ca,Na,H 

6 
S 

? 

1.4637 
-1.4785 

0.0009 
-0.0086 

2V  small 

7 

• 

P>v 
Horiz. 

Gmelinite 

Sil.  of  Al,Ca,Na,H 

0 

1.5237 

1.5190 

0.007 

2r=69°± 

Orthoolase 

KAlSi30» 

1.498 

1.494 

0.006 

2£-=52°± 

7 

• 

StilMte 

Sil.  of  Al,Ca^a,H 

1 

1.5187 

1.5122 

0.007 

2^-55"zb 

P<v 

Scolecite 

CaAl2Si30io+3H20 

1 

1.5236 

1.5194 

0.007 

2^-83°-^- 

P>v 
Horiz. 

Miorooline 

KAlSisOs 

1.476 
-1.482 

1.473 
-L480 

0.012 
-0.013 

2£^=94°zh 

P<v 
weak 

NatroUte 

Na2Al2Si30i(.+2H20 

Very 
low 

7 

0.017 

2V  rnnall 

? 

Lintonite 

Sil.  of  Al,Ca^a,H 

1.45 

7 

0.012 

2£'=98°± 

P>v 
weak 

Brewsterite 

Sil.  of  Al.Sr,Ba.Ca,H 

1.510 

1.504 

0.012 

2^=83° 

P<v 
weak 

Petalite 

LiAl(Si2002 

i 


C.  (11.)  AnisolropM 

1-  Refringence  very  low  <1.52  (Cont.) 

e.     Birefringence  moderate  >0.0O95  <0.0185.  fCoot.] 

SIGN 

SYST. 

ELONGATION 

OPT. 
ORIENT. 

COLOR 

ABSORP. 

CLEAVAfX 

Sign 

Direc. 

Ext  ABg. 

- 

Mono. 

+ 

lu- 

ZAf^ 

+9° 

Y\\6 

Coldrlesa 

Pol  If  010 

- 

Mono, 

+ 

ll'^ 

ZA<-  = 
-27° 

Y||* 

ColorlesE 

P«tt.  11  010  , 
Perf.  11  UO  ' 

- 

Mono. 

± 

U^ 

zii* 

Colorleu 

Perf.  IJ  110  , 
Petf.  II   100  ' 

d.    Birefringence  rather  strong  >0.018S  <0.0275 

+ 

Orth. 

Zlta 

XIK 

Colorieu 

None 

+ 

Orth. 

+ 

\[e 

Zlk 

X)|6 

Colorlew 

DW-  F  UO 

IMtL^OlO 

-f 

Orth. 

± 

\le 

XIU 

Z\\6 

Coloilen 

Perf.  iioie 

- 

Orth. 

± 

lU 

Z||« 

XM 

Colorlos 

Pcff.  IIOIO 

- 

Onh. 

^ 

11 -^  . 

Zlla 

XM 

CdoriCB 

Peif.  II  QUI 

- 

Mono. 

+ 

II 001 

-9- 

TM 

ColorieH 

Perf.  1  MO 
Dist.  ( UO 

- 

Mono. 

± 

Ik 

XAr- 
-56" 

XIU 

Colorless 

Perf.  II  100 
Dist.  J  UO 

- 

Tri. 

+ 

II  001 

XI 001  ± 

opt.n 

ii^± 

Colorleu 

Perf. II  001 

Birefringence  strong  >0.0275  <0.0355 


g.     Birefringence  extreme  >0.0565 


449 


dal  Minerals  (Coot.) 


■ 

Up 

ftg — Wp 

OPT.  ANG. 

DISP. 

NAME 

C0B4P0SITI0N 

1.510 

1.502 

0.010 

2£'=72°± 

P<v 
dist 

Epistilbite 

H4CaAlj(Si03)«+3HTO 

1.524 

1.613 

0.012 

2^=54^' 

P<v 
strong 

Laumontite 

H4CaAl2Si40i4+2H20 

n.517 

1.5000 

0.0183 

2£"=44° 

P<v 
dist 

Syngenite 

K2Ca(S04)2fHjO 

^.4753 

1.4665 

9 

0.0272 

2^=115° 

P<v 

Camallite 

KMgClrf6HsO 

1.526 

7 

0.025 

2K=70°± 

7 

Wavellite 

(A10H)8(P04)2-5H^ 

1.503 

1.498 

0.027 

2E=ST' 

P>v 
dist 

Thomsonite 

Sil.  of  Al,(XNa.H 

S1.4801 

1.4568 

0.027 

2E=7(r* 

P<v 
weak 

Goslarite 

ZnS04+7H20 

• 

[1.4888 

1.4669 

0.025 

2£^=64° 

P>v 
dist 

Morenosite 

NiS04+7H20 

1.5061 

1.4947 

0.0256 

2F=84° 

Incl. 
dist 

Kainite 

MgS04KCl+3HsO 

• 

1.4686 

1.4468 

0.0247 

2£^=59° 

P>v 
croM'd  dist. 

Borax 

NajB407-hlOHjO 

1.46 

7 

• 

Rather 
strong 

2^=11° 

None 

Sas.solite 

H3BO3 

1.502 

? 

Strong 

2£^=103° 

P>v 
strong 

Prosopite 

CaAl2(F,0H)« 

1.47 

? 

7 

• 

2K~86° 

P>v 

Melanterite 

FeS04-|-7H20 

? 

? 

7 

• 

2^=86° 

? 

Pisanite 

(Fe,Cu)S04+7H20 

? 

? 

? 

? 

7 

• 

Boothite 

CuS04-f7H20 

11.4554 

1.4325 

0.028 

2£"=78° 

p>V 

weak 

Epsomite 

MgS04+7Hi>0 

1.501 

1.495 

0.031 

2£"-84° 

p<7' 

weak 

Nesquehonite 

MgC03+3H20 

.1.5095'l.5043 

0.071 

2ir=48° 

? 

Pirssonite 

CaNaiKCOsM-ZHjO 

'1.5552 

1.4900 

0.1597 

2K=84° 

p<V 

weak 

Whewellite 

CaC204+HiO 

1.505 

1.334 

0.172 

2^-9° 

? 

Niter 

KNO3 

(1.5156 

• 

1.4435 

0.080 

2£"-52° 

p<^V  cros'd 

strong 

Gaylussite 

CaNa2(C03)2+5HjO 

'I 


I 

I 
1 

I 

Id 


I 


I- 
r. 
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Refringence  low  >  1.52  <  i.59 
tt.     Birefringence  unknown 


C.  (11.)  Anisotropic 


SIGN 

SYST. 

ELONGATION 

OPT. 
ORIENT. 

Sign 

DireclExt  Ang. 

-f- 

Orth. 

+ 

k 

^\\c 

Xjl^ 

Mono. 

+ 

1  001 

X  1 001-^ 

Yjl^ 

COLOR 


Green 

in  mass 


Colorless 


ABSORP. 


CLEAVAGE 


Pcrf.  II 001 


+ 


a.    Birefringence  very  weak  <0.0035 


Orth.? 


Mono. 


Mono.? 


+ 

ic 

-4- 

!i  001 

+ 

1 

1:  001 

Z  !i  c 


Green 


0°=fc 


0°± 


V  |.  A      Z=Y  green 
^  "  ^     X  colorless  ± 

7        !   Z=:Yblne 
X  colorless  dr 


? 


Z=Y>X 


Z=Y>X 


Perf.  r  001 


Perl  1!  001 


1. 


b.    Birefringence  weak  >0.0035  <0.0095 


-f 

Rhom. 

1 

0" 

Z  II  c         Colorless 

None 

1. 

1. 

1 

-f 

Mono. 
Mono. 

_i- 

il  010 

ZA^- 
+52° 

Y\\b    '     Coloriess 

Perl  1)  010 

-f 

— 

11001 

—58° 

Yll^ 

Colorless 

Peif.11001 

1. 

+ 

Mono. 

.001 

o°-»- 

Yll^ 

Zpalefrreen. 

yellow  or  brown 

Y=X  frreen 

Z<Y=X 

Pcrf.  11 001 

+ 

Tri. 

or  rb 

11  a 
or  1  c 

Ext.  on 
010= 
-f20° 

Ext  on 
001= 

+4° 

Colorless 

Perf.  11 001 
Dist  //OlO 

1. 

■\- 

Tri.  - 

or  ^- 

a 

or  1  c 

Ext  on 

010 4° 

to  —10° 

Ext  on  010 

—20° 
to  —25° 

Ext.  on 
010=0° 

to  4-15° 

Ext.  on 
010- 
-33° 

X       c 

Ext  on 

001= 

0°  to  —2° 

Colorless 

Perf.  11  001 
Dist  II 010 

1. 

-f- 

Tri. 

or  — 

a 

or  II  c 

Ext.  on 

001-     5° 

to  —11° 

Colorless 

Pcrf.  1  001 
Dist  II 010 

1. 
-L 

- 

Tri. 

Tri. 
Orth. 

or  n. 

1  a 
or     c 

a 
or  „  c 

1  001 

;  c 
100 

Ext  on 

001= 

0°  to  4-2° 

Ext  on 
001- 
—18° 

Colorless 

Perf.  II 001 
Distil  010 

l.i 

-Li 

-♦— 

or  —. 

+ 
+ 
+ 

— i- 

Colorless 

Perf.  1  001 
Dist  1)010 

l.J 

-L! 

Zj  b 

Colorless 

Pcrf.  II 001 
Poor!  100 

l.f 

Orth. 

Z!i.- 

7 

• 

Colorless 

Poorlir 

Orth. 

X  1  a 
X    b 

Yl  c 

Z    c 

Z  greenish 
Y-  X  colorless 

weak 
Z>Y=X 

Pcrf.  II 100 

— 

Orth. 
Orth. 

Orth. 

;i  001 

YJU 

Colorless 

Pcrf.  II 100 
Pcrf.  1!  010 

1.5 

,.  c 

1 

c 

X    b 

Colorless 

Pcrf.  II 100 
Dist  II 010 



r 

J 

Z  \b 

Usually  color- 
less. Zbhiish 
Y  blue  or  brown 
X  yellow  or 
colorless 

rare 
Y>Z>X 

Dist  11 010 

1.5 

''■/i 


.1 


:i 


i 


45a 

2. 

C.  (11.)  Anisotropic  1 

tUbingmct  Vm  >L52  <L59  (Co«t:< 
c    BiiefrinECfice  moderate  >aoa9S<aOUfi'CoBL) 

SGN 

SYST. 

ELONGATION 

OPT. 
ORIENT. 

COLOR       ABSORP.  CLEAVAGE    . 

Sign  .Direc.  EzL  Ang. 

- 

MM.. 

^,-- 

+2r 

ZE« 

ColodeM 

Pert.  II  010  l- 

- 

Tri. 

.-.Ur. 

«E?i^ 

J^^ 

Cd.d» 

Kst-t'oiO    ^■ 

i.    Krrfringeiure  rather  itrcnie  >0.0185  <0ir275 

+ 

Onh. 

- 

1  <- 

Zii.-    ;    XM 

ColodCH 

Dta.  J  no 
Dtst  ;i  010 

+ 

onii.7 

+ 

tc? 

?        1     Z'I*T 

y^n-iiSli^ 

2>Y=X 

» 

+ 

UODO. 

- 

lOOl 

Zl^toi*" 

XII* 

Cd-le- 

PettllOM    1. 

- 

Orth. 

+ 

(001 

X|f 

zi:» 

Colaricss 

K2::T«1      1. 

- 

Orth.7 

+ 

IDDl? 

0° 

Itfl^ 

Ydlowto 
eolotkw 

1 

DULiioon 

- 

Orth. 

+ 

lOOl 

XBf 

ZIU 

None 

Pert.  11 001    1 

- 

Orth.T 

+ 

y  100 

XII- 

ZIU 

fcdrclUnr 

Z>Y>X 

P*rf.  II 100 

- 

Orth. 

± 

n. 

Y!« 

xii» 

Colorietl 

DUt  II  010 

- 

Orth. 

- 

kOOl 

XII  d 

Z||£ 

CcfaifaM 

001.  JIO.     , 
OIOl  100      ^ 

- 

Mono.? 

+ 

II  001 

X     c± 

? 

Z.  Y  ydlow 
X  colorless 

Z-Y~-X 

Pert.  11  001 

- 

Tri. 

X  II  001  and  ITO 

Colorless 

Perf.llOOl   1, 
Dist.  h  110   i^ 

Birefringence  strong  :,  0.0275  <0.0355 


Orth.7 
Mono. 


2,  Ybroit 
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Minerals  (Cont.) 


a 

«p 

Hg-^n^ 

OPT.  ANG. 

DISP. 

NAMK 

COMPOSITION 

m 

1.5825 

0.0112 

2i^=-112^ 

P>v 

Pharmacolite 

HCaAs04+2HjO? 

J37 

1.5757 

0.0127 

2K-75° 
to  78° 

p<v 

Anorthite 

CaAhSisOs 

^6 

? 

0.025 

2^=70°± 

? 

• 

Wavellite 

(A10H)3P208-5HsO 

? 

0.026 

2E=2Xy±: 

7 

• 

Xylotile 

Sil.  of  Fe,Mg,H 

^47 

1.5347 

0.023 
-0.019 

2F=0°to40° 

P>v 
dist. 

Hydrargillite 

A1(0H)3 

^8 

1.5709 

0.027 

2£'=74° 

weak 

Leucophane 

Na(BeF)Ca(Si08)8 

54 

? 

0.021 

2£"=48°zt: 

P>v 

Astrolite 

Sil.  of  Al,Fe^a,K,H 

'5 

1.553 

0.024 

2£'-60° 

P>v 

Autunite 

Ca(UOs)2P208+8H20 

r± 

? 

0.025± 

2£'=0°  to  40° 

7 

• 

Bowlinsite 

Sil.  of  Fe,Mg,Al,H 

>± 

7 

• 

strong 

2£'=58°=b 

weak 

a-Hopeite 

Zn3P208+4H20 

►3 

1.588 

0.023 

?r-75°± 

P>v 

Bertrandite 

H2BP4Si209 

? 

0.020+ 

2^=55^  i 

? 

Chloropal 

H6Fe2(Si04)8+2H80 

>3 

1.578 

0.019 

2r-52°d= 

Inch  cToss'd 

Amblygonite 

Li  1  A1(F,0H)  1 PO4 

8 

1.544 

0.028 

2^-41° 

P  >v 

Botryogen 

Mg(FeOH)CS04)2+7H20 

? 

strong 

2E=^Xf±: 

7 

• 

Bravaisite 

Sil.  of  Fe,Mg,K,Ca,H 

7 

0.03± 

2£"=20°± 

7 

• 

Thermophyllite 

Sil.  of  Al.MgJ^a,H 

7 
3 

1.557 
-1.560 

0.033 
-0.049 

2£'=70°d= 

weak 

Mnsoovlte 

H2(K^a)Al3(Si04)8 

4 
8 

1.541 
-L586 

0.033 
-0.060 

2^=0°  to  15° 

p<V 

Biotite 

Sil.  of  Al,Fe.Mg,H 

2 

1.554 

0.028 

2E  small 

7 

• 

Lev^rrierite 

Hyd.  alum.  siL 

^ 

1.5156 

0.0308 

2£"-93° 

P<v 

Chalcanthite 

CuS04+5Hi^ 

htS.i 


2.    Refringence  low  >L52  <1.59  {Cont) 

f.     Birefringence  strong  >0.035S  <0.0445 


C.  (IIO  Anisotropic 


SIGN 

SYST. 

ELONGATION 

OPT. 
ORIENT. 

COLOR 

ABSORP. 

CLEAVAGE 

Sign 

Direc 

Ext.  Ang. 

+ 

Orth. 

xu 

Zllo 

Colorleu 

82.!S  ' 

- 

Orth.? 

+ 

11001 

Xlici 

Z\b 

ColoTlw 

Perf.  il  001  1 

- 

Mono.? 

+ 

II 001 

Xll<r± 

T 

Colorlew 

Perf.  u  001 

- 

Mono. 

+ 

II 001 

X  \\c±. 

ZWb 

Coloriess 

Perl  ™  001  ? 

- 

Mono. 

II  001 

Xlk± 

ZM 

Colorleu 

Perl  (OOl 

- 

Mono. 

+ 

II  001 

X  [U± 

ZM 

ColorlcM 

Perf.  II  001  1 

- 

Mono. 

+ 

ilOOl 

XJf± 

Y||* 

Z,  y  yellow 
X  coforless 

Z>Y>X 

Perf.  II  001  1 

- 

Mono. 

+ 

II  001 

XA^ 

Y||* 

Z,  Y  brown 
X  yeilowish 

z>y>x 

Perf.  11  001 

- 

Mono. 

+ 

II 001 

xy  c± 

Y  \b 

Z,  Y  blown  or 
fcmn.XydlQ* 

Z>Y>X 

Perf.  |l  001   ] 

- 

Mono. 

^ 

II 001 

-31= 

z\b 

Colorless 

Perf.  li  001 

g.    Birefringence  TeTyBtronE>0.0«5<0.0565 

+ 

Mono. 

+ 

11. 

34"  ± 

xi;ft 

Colorless 

11010 

+ 

Mono. 

- 

\\c 

■'^' 

YM 

Coloriess 

Perf.  11 010 

+ 

Mono. 

- 

1  c 

^r 

XII* 

Z.  y  colorless 
X  dark  blue 

z=y<x 

Pert  11010  '|1 

- 

Orth.7 

\ 

1  001 

X!|(± 

Z\\i 

Coloriess 

Pert  II 001    1 

- 

Mono. 

+ 

II 001 

X  11  c±. 

Zll* 

Coloriess 

Perf.  11  001    ] 

- 

Mono. 

4- 

II 001 

X|U± 

Yd* 

Z.  Y  brown  ot 
gr«D.  XTellow 

Z>Y>X 

Perf.  11  001 

- 

Mono. 

+ 

Ik 

+32° 

xik 

BTcenish  yellow 

X>Z>Y 

Perf.  li  010 

h.     Birefringence  extreme  >0.0565 

+ 

Orth. 

+ 

Ik 

Z|k 

X\\a 

Colorless 

Peri.  11  010  j] 

+ 

Orth. 

± 

11  <: 

Yik 

Zll* 

Coloriess 

None        1 

+ 

Mono. 

-11° 

xik 

Colorless 

li  001. 010, 
no 

- 

Orth. 

Ik 

Xlk 

Zll* 

Colorless 

KmL  II  010 

- 

Orth. 

- 

Ik 

XllT 

zik 

Colorless 

Poor  11  no 

- 

Orth. 

- 

Ik 

Xjk 

Zllo 

Colorless 

Dist  11 110 

I  Minerals  (Coot.) 
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m 

ftp 

ftg—np 

OPT.  ANG. 

DISP. 

NAME 

COMPOSITION 

;76 

1.571 

0.043 

2y=42? 

P<v 

Anhydrite 

CaS04 

»9? 

1.539 

0.035 
-0.050 

Z£'=6°to40*» 

P>v 

Talo 

H?Mg8(Si08)4 

s 

? 

0.041 

2£=l(y7''zt 

P>v 
weak 

Pjrrophyllite 

HiAlj(Si08)4 

87 
93 

1.557 
-L560 

0.033 
-0.049 

2^=70°± 

P>v 
weak 

MnsooTlte 

Hs(K^a)Al3(Si04)8 

0 

? 

Strong 

? 

? 

Paragonite 

H2(Na^)Al8(Si04)8 

975 

1.56:h 

0.037  :t 

2^=70*»± 

P>v 

Lepidolite 

(LiJC)(AlF)Al(Si03)3 

06 

1.562 

0.044 

2-^=0^  to  30° 

P<v 

Phlogopite 

(K,H)8(MgF)sMg8Al 

(Si04)8 

r 

? 

Strong 

2^=50*»± 

P<v 

Zinnwaldite 

Sil.  of  Al,Fe4.UU^a4I 

74 
38 

1.541 
^1.586 

0.033 
-0.060 

2i?=0°tol5° 

P<v 

Biotite 

Sil.  of  Al,Fe^g3 

? 

? 

* 

? 

2-£'-10°± 

P>v 
very  strong 

Glauberite 

Na2S04'CaS04 

? 

? 

? 

2f-125°± 

P<v 
weak 

Bobierrite 

Mg3(P04>+8HjO 

2 

? 

7 

2^=88° 

P<v 

Ind.  stroDff 

Hautefeuillite 

(Mg,Ca)8(P04)j+8HsO 

05 

1.5766 

0.050 

2-£'=143° 

p<Z. 

Vivianite 

Fe3(P04)s+8H20 

«9? 

1.539 

0.035 
-0.050 

2-£'=:6'^to40° 

P>V 

Talo 

H2Mg3(Si03)4 

87 
93 

1.557 
-L560 

0.033 
-0.049 

2-£'=70°di 

P>v 
weak 

Miuoo«vite 

H2(K,Na)Al3(Si04)8 

79 

38 

1.541 
-1.586 

0.033 
-0.060 

2/r=0°tol5° 

p<V 

Biotite 

Sil.  of  Al,Fe,Mg.H 

1 

? 

? 

2//=i(yr 

? 

• 

Symplesite 

Fe8(As04)H-8HaO 

X)8 

1.5595 

0.0716 

2P^=87° 

P>v 
weak 

Hambergite 

Be2(OH)B03 

)95 

1.5043 

0.071 

2^=48° 

? 

Pirssonite 

CaNaj(C03)2-h2HjO 

>52 

1.4900 

0.160 

2V=W 

weak 

Whewellite 

CaCs04+HaO 

i2 

1.530 

0.156 

2£'=31° 

P<v 

Aragonite 

CaCOs 

0± 

1.525 

0.145 

2£:-10*» 

Weak 

Bromlite 

(Ca,Ba)C08 

>4 

1.518 

0.147 

2E-W 

P<v 

Strontiaiiite 

SrC03 

ff 

ll 


•i 


I 


•I 


•  • 
v; 


[i  > 


«,. 
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C.  (n.)  Anisotropic  E 


2.    Rcfringencc  low  >L52  <L59  (Omt)  ^ 
c    Birefringence  extreme  >0.0565  (Cont.) 


SIGN 

SYST. 

ELONGATION 

OPT. 
ORIENT. 

COLOR 

ABSCMtP. 

aJAVAGE 

Sign 

Direc. 

Ext  Ang. 

ti 

Orth. 

\\c 

X|k 

Z||a 

Colorless 

Dist  :  010 

1.6 

— 

Mono. 

± 

c 

X.\r= 
-f65° 

Z\\b 

Colorless 

Perf.  I  110 

1.6 

3.    Refringence  moderate  >L59  <L66 
a.    Birefringence  unknown 


Orth. 


+ 


II  001 


XU^ 


Yellow  green 
in  mass 


Perf.  II 001 


a.    Birefringence  very  weak  <0.0035 


Orth.? 


+ 


ZWc 


Green 
in  mass 


b.    Birefringence  weak  >0.0035  <0.0095 


-f 

Orth. 

+ 

\c 

Zll^ 

Y||^ 

Colorless 

Perf.  H  110 
Dist  11010 

l.( 
-L( 

-f  ■ 

Orth. 

+ 

:,  c 

Z  \c' 

Y||^ 

Colorless 

Perl  II 001 

-L 

+ 

Orth. 

+ 

1!  001 

X|k 

Z\\a 

Colorless 

Perf.  1.  001 
Dist  II 110 

1. 

— 

Orth. 

I  c 

Y  \c 

X  11^ 

Colorless 

II 001 

1. 

— 

Mono. 

1001 

XAr 

Yjl^ 

Colorless 

Perf.  11 001 

• 

c.    Birefringenc 

:e  moderate  >0.0095  <0.0185 

Orth. 
Ps.  Is. 

Orth. 

Opt.  PI.  ;,  010? 

Colorless 

\A 

+ 

zjk 

Ylk 

Colorless 

Perf.  11  110 

l.( 

+ 

Orth. 

c 
II  001 

,;  c 

;  c 

Z\\c 

Y  \b 

Colorless 

Perf.  11 001 

l.( 
.l.( 

+ 

Orth. 

+ 

XI  c 

Z  \a 

Colorless 

Perf.  II 001 
Perf.  II 110 

l.( 

+ 

Mono. 

Z/\c- 
2^ 

Y    b 

Colorless  to 
yellowish 

None 

Distil  100  1 

l.( 
1.1 

+ 

Mono. 

+ 

Z\c- 

33°  rb 

Y    b 

Z  yellow  firreen 

Y  brown  yellow 

X  pale  yellow 

Y>Z>X 

Perf.  1  110 

r 

Mono. 

-  - 

II 001 

c 

Z!ic4- 

Y\b 

Z  colorless 
Y,  X  pale  Rreen 

Z<Y<X 

Perf.  II 001 

— 

Orth. 

^_ 

X  .1  b 

XlK 

Z  \a 

Colorless 

Poor  II 010 

IJ 

— 

Orth. 

Yl  b 

Z.  Y  colorless 
X  rose  red 

X>Y>Z 

Dist  11 110 

1. 

— 

Mono. 
Mono.? 

+ 

001 
1  001 

Xllr-4- 

Y  \b 

Z.Y  yellow 
X  colorless 

Z=Y>X 

Perf.  11 001 

1. 

— 

+ 

1 

Xjkdr 

7 

Z,  Ysreenor 
pink.Xcolorless 

Z=Y>X 

Perf.  II 001 

Klal  Minerals  (Com.) 
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IffQ 

Up 

My— ifp 

OPT.  ANG. 

DISP. 

NAME 

COMPOSITION 

1.676 

1.529 

0>148 

2£^=26*» 

P>v 

"WitheHte 

BaCOs 

1.684 

1.525 

0.161 

2/r=24° 

P>v 
weak 

Barytocalcite 

BaCa(C03)2 

1.62? 


? 


2^=18°± 


Uranocircite 


Ba(U02)2(P04)H-8HjO 


1.59 


Weak 


2K8inaU 


7 


Gamierite 


Sil.ofMg^i.H 


1.659 
-1.669 

1.656 
-1.665 

0.009 

2  ^"=70** 
to80*» 

P>v 

Eniitatite 

MgSiOs 

1.610 
-L631 

1.607 
-1.629 

0.008 
-0.010 

2-£'=84<^ 
to  125° 

P>v 
dist 

Topaz 

(AlF2)AlSi04 

1.623 

1.622 

0.009 

2V=SV 

P<v 

Celestite 

SrS04 

31.6337 

1.6317 

0.0046 

2J^=88° 

p<v 
yvTf  strong 

Danburite 

CaB2(Si04)s 

1.64 
-L65 

? 

0.009^ 

2E-80° 
to  125° 

P<V 

Margarite 

H2CaAl4SisOi2 

1.667 

1.662 

0.011 

2J^=90°  ± 

? 

Boracite 

Mg7Cl2Bl60sO 

1.6125 

1.609 

0.010 

2P^=70° 

P<v 

Stokesite 

H4Ca(Si,Sn)40ii 

1.610 

-1:631 

1.607 
-1.629 

0.008 
-0.010 

2/^=84" 
to  125° 

P>v 
dist 

Topaz 

(AlF0AlSi04 

1.637 

1.636 

0.011 

2K=36°± 

P<V 

Barite 

BaS04 

71.6490 

1.6455 

0.012 

2  K=74°di 

P>v 
dist 

Mosandrite 

Sil.  of  Ce,Ca,Na,F 

? 

7 

0.014  ± 

2  K  large 

7 

• 

Homblende 

Sil.  of  Fe,Al,Mg,Ca^a 

1.588 

1.585 

0.011 

2^=0°  to  70° 

P<v 

dinoolilore 

Sil.  of  Al,Mg,Fe,H 

'1.6616 

1.6505 

0.017 

2^=38° 

P>v 

Monticellite 

MgCaSi04 

1.638 

1.632 

0.011 

2^=84°±: 

7 

• 

Andalusite 

AhSiOs 

1.657 

1.646 

0.012 

2^=10°di 

P<v 
weak 

? 

Seybertite 

Sil.  of  Al,Mg.Ca,H 

? 

r 

0.014 

2-£'--0°+ 

Deleaaite 

Sil.  of  Al,Mg,Fe,H 

r 

^ 

■ 

I 

:.L5»<U 

I 

c  cm. 

1 

Antsotr 

* 

ECCaoL. 

_. 

— 

-« 

UiMmaanm 

OPT. 

SMpt 

M-ifcJ^ 

- 

>^» 

- 

«mf\  11;;=  1    Til* 

Xhrown 

? 

PeitlU 

- 

^^■^ 

^1   -  1  !i.=  j   T.» 

I^IK. 

Z>Y>X 

P«ri.ll 

- 

»— 

=        ;■      ^'f  i    YU 

Criorl««    1 

DUtl). 

"•aims -;:aflZ7S 

- 

•kik 

-       1        .^-      i        «l* 

Tt* 

OU^css 

Perf.  11 C 

- 

onfc 

- 1  ■ 

r--- 

i;. » 

CUortoi 

Perf.li: 

-*• 

ORk. 

l!  J 

Cdoriess 

Perf.ll 

CWoriess 

T 

«- 

»» 

-JS  = 

Til-* 

C«Iorictt 

Pert.  II 

}  ^ 

lta> 

..-^s 

T«* 

z>y>x 

AbjenT 
or  7 

z;-y.-x 

Perf-U 
Pfrf.  II 

"P^TT 
Wst.ll 

*- 

!•-> 

^i"  1     Y* 

Colorleii  to 
p«le  ydlo» 

^r 

!>i» 

'ij-'= 

XJ  ' 

TS. 

^ 

^._ " " " 

B»=3»> 

.^5 

Cdoilen 

Pert '1 

_ 

tt*. 

+ 

Z.I.-     i    X:|a 

ColMlcM    [ 

Perf.  ■ 

tHA 

.(.-    li.- 

'    1  v.-i'iiJs; 

Z    Y=X 

II  f 

Dnk 

~ 

Xiii 

Colorless 

II  001,  ■ 

01ft  1 

a^ 

u- 

-IJIP 

T    * 

Colorless 

Perf-^ 

IbUL 

^ 

+15' 

Y  ■  * 

2>Y  >X 

Pert) 

]b>i 

t- 

VII* 

fss.. 

X>Z>Y 

Perf.. 

%    - 

Um. 

+ 

«'  ^fe 

Til* 

5Sse;:1I:: 

Z->Y^X 

Perf.  ,: 

r 

Hobo. 

^ 

Yii 

law  or  bnwD 
Hmlreoloil™ 

Z>Y>X 

Peitii 

- 

Mono. 

+ 

1^  ..r„".. 

Y  ;  /' 

Z  dark  blue 
V  riolf  I  blue 
X  Tcllowiih 

Z>Y>X 

Pett  11 

- 

Mooo.? 

+ 

II  Ml  I  Xllfzfc 

? 

Green  to 
yellow 

7 

Perf.  H 

- 

TrL 

1    X  il  001  and  l!0 

Colorless 

Perf.  II 
Distil 

ixlal  Mioerala  (Com.) 


■b 

Up 

Mg-H, 

OPT.  ANG. 

DISP. 

NAME 

COMPOSITION 

■ 

L.660 

1.649 

0.012 

2£'=25''=b 

weak 

Xanthophyllite 

Sil.  of  Al,Mg.Ca.H 

m 

l-"8  'l  (121 

3.018 

2  ('■=42'= 
to  50^ 

P<v 

NaAlSi:^*  with 
(Fe.Mg")SiO;. 

m 

i.jaj 

i.&a 

«.ou 

lE^m"   I   /.-^i- 

CaSiO. 

• 

I.MS 

1.656 

0.020 

2V=3(y:-: 

Pl-x- 

Wlllawnlto 

AliiSiOi 

m 

1.618 

1.615 

0.020 

2£=a0'' 

strong 

Calamine 

(ZnOH>SiO:, 

m- 

1.642 

1.6U 

0.02S 

2r=d4*± 

P-.  V 

AntltophrlUto 

(Me,Fe)SiO, 

't 

1.669 
1.620 
1.655 

T 

0.020 

2£-=50=± 

7 

Utypeite 

CaCOa 

■3 

l.«l 

0.026 

2^=54" 
10  60° 

>><w 

LiAlCSiOs), 

■ 

1.613 

0.019 

2^=39°^^ 

p:.v 

PargMite 

Sil.  of  AI.Fe,Mg,Ca  Jifl 

■ 

1.652 

0.019 

2£'=8B' 

,,..„ 

Euclaae 

Be(A10H)SiO. 

-» 

1.65 

1 

0.026 

2r=Wi: 

7 

Sil.  of  Ca,Ti,Zr.Na,F 

1 

l.«2 

? 

s*^ 

? 

7                 ^araIlopeite 

Zn3P!0,+4HiO 

« 

1.636 

1.63 

1.623 

3i:S 

2*^=78=^: 

P.- 

Gedrite 

fMgJe)SO.with 
(SgJe)Al^iO. 

7 

D.022 

2K^^60'' 

*'>i' 

Carpholite 

H.MnA1,Si!0>'i 

« 

L593 

1.588 

0.023 

21^=75==. 

Bertrandite 

HiBe,Si^g 

« 

1.6Z3 

1,609 

0.026 

2y=as''± 

CaMeiiSiOO. 

A 

L«7 

i.en 

0025 

2V=7&'-±: 

(><!'     1        Actinollte 

CaCMg.FeWSia,)4 

* 

t.63 

1.62 

0.024 

2r^^80°± 

f  .V             Richterite 

(KsNa2,Mg,Ca.Mn)SiOi 

'. 

1.63S 
LM2 

T 

0.022- 
0.024 

2  ^■-78''= 

p.     V 

(Fe.Mg.)S>Oi 

m 

1.629 

2r=84''± 

BomUuda 

Sil.of  Al.Fe,MB,C«JIa 

m 

1.638 

1.621 

0.018 
0.022 

2r^42'' 
to  50" 

P-'i' 

NaAISWB  with 

(Fe.Mg)SiO, 

t 

1.61 

? 

D.020i^ 

2E^0''  to40°|       7 

Glauconite 

KFeCSiOO^+nHjO 
LitAlCF.OH  ]P0* 

m 

1.593 

1. 578 

Q.019 

2V=5X'=k    'i^f^y 

JT£lSiU 

■  I 

I* 


l-.l 

I," 


ill 


*s6      ^^^^B^^^^H^B^I^I 

C.  ai.)  Aoisolropld 

X    Refiiagautai,ienU>l3>t<lJibiOmL) 
c    BirefringtDce  Uroog  .-UJOIS  <aa£5 

8IGM     SYST. 

ELOST.ATIOS 

Q^^  '     COLDB      AB90RP.   CXEAVACE 

t.. 
1.. 

_ 
1,( 

Sign 

DiTK-EiL  Ang. 

+    1    B=7         - 

lOODl 

Z'l 

s^un""!  SISS:  :             P«t    loio 

+    1   onh.    1    + 

IK- 

ZIf 

T  •.  *     1     Col€«rie»                        1  Dbt.  :  001 

+     1     Oltk.      1     :t 

IK- 

TJr 

X     *    I     Cdorios    1                   1   Poet  (1010 

+    ,'    Orti.     [  ^ 

II  a 

X|« 

r  :r 

I^I^r^i  *>2>^ 

Poor     001 

+ 

Hmo.    1 

T^toir 

Z[t 

b^i^N-z>T 

Poor,;ora 

+ 

llmo.!|    + 

I  /■ 

V]* 

Cdorio. 

7        (  Perf.  ( 110 

+ 
+ 

Hono. 

t  ^ 

Z,Ar= 
83" 

Xb* 

Colodos 

1  Pcrf.11010 
1   Dist.  [001 

Hona. 

- 

||01<^ 

47^ 

z:* 

Coloiica 

' 

Poor  110017 

+ 

It  010 

26°t«30= 

Zi  * 

rS5^'  ^>^>^ 

Poor  11 001 

I.f 
l.E 

-  !  «»..  1  - 

11  a 

Z'  c 

Coloria. 

£.    Rxe£ringenceito>iig>0.(C5S<0.0M5 

+ 

onh. 

or 

orir.- 

X\\a 

Tllr 

X>Z>T 

Poor  ilOOl 

-, 

'             + 

Orti. 
Mono. 

_ 

nooi 

Z\\e 

XB^ 

ColoricK 

S-:i 

1.6 

-t- 

+ 

11^ 

Z\\6 

XII  3  = 

Colorless 

Perf.  1,001 
Perf.  II  100 

- 

Orth. 

X\\a 

Z  1  * 

2  p-.lt  blue 

X>Z>Y 

11  100.  010 

... 

- 

Mono. 

+ 

Ik 

1' to4° 

Yilfi 

Colorless 

None 

l.fi 

- 

Mono. 

+ 

II  001 

X  lf± 

Z\\b 

Colorless 

Perf.  11  001 

1.5 
1.6 

- 

Hono. 

+ 

IIOOl 

X  !:c± 

Z\\b 

Colorless 

Peri,  f  001 

1-6 

- 

Mono. 

+ 

II 001 

X  i;cd: 

y;i^ 

Z.  Y  yellow 
X  colorless 

Z>^>X 

Pexf.  ■'  001 

1.61 

- 

Mono. 

-f 

IIOOl 

Xi,f= 

X\b 

Z.Y  brown  or 

Z>Y>X 

Pert  11  001 

-U 

- 

Mono. 

± 

IIOOl 

Z\\b 

Colorless 

Pert  IIOOl 

- 

Mono. 

— 

lU 

77 

Y    (^ 
+3° 

Z\\b 

Colorless 

Dist  n  010 

X.t 

- 

Mono. 

—10" 

Y|;* 

^•x\'Xt.S.'" 

Z^Y>X 

Prismatic 
poor 

1.. 

Minerals  (Cont.) 
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I 

OPT.  ANG. 

DISP. 

NAME                    COMPOSITION 

• 

1.599  'o.030 

1 

1 

Uniaxial  or 
2  y  small 

? 

Catapleiite        |       H4(Na2,Ca)ZrSiyOii 

6 

1.616 

0.033 

2£"=123°ib 

/>>7. 

Prehnite 

HiCajAljCSiOD.i 

9 

? 

0.034  ± 

2^'=:86^ 

/><!/              Forsterite         ;                Mgi'Si04 

3 

? 

0.032 
-0.038 

2K=68° 

p>T/ 

Humite 

[Mg(F,OH)]2Mg5(Si04)n 

0 

1.658 

0.032 

2  F=76° 

P>v 
crossed 

Clinohumite 

[Mg(F,OH)]2Mg7(Si04)4 

4 

? 

0.029 

2J^-70° 

P<v 

Jadeite 

NaAl(Si08)2 

2 

1.586 
? 

0.028 

2£'=95° 

1 
P<T/     j        Colemanite 

CasBeOi  -f  5H2O 

03 

? 

2A'=80° 

? 

Prolectite 

[Mg(F,OH)]2MgSi04 

9 

1.607 

• 

0.032 

2K=80^ 

/>>7/ 

crossed 

Chondrodite 

[MgCF,OH)]2Mg3rSi04)2 

2 

1.592 

0.029 

2Z:-121'^ 
to  128° 

p^*!/ 

Herderite 

[Ca(F,0H)]BeP04 

3 

7 

• 

0.032 
-0.038 

2V   68^ 

P>v 

Humite 

[Mg(F.OH)]2Mg5(Si04)3* 

S 

1.571 

0.043 

2/^-42° 

P<v 

Anhydrite 

CaS04 

? 

0.038 

2K-60'' 

strong 

Pectolite 

HNaCa2(Si03)8? 

60 

1.6018 

0.037 

2  F-37° 

p<v 
▼ery  strong 

Grandidierite 

Sil.  of  Al,Fe,Mg.Na,H 

3 

1.626 

0.044 

2  K-75° 

P>V 

Datolite 

Ca(B0H)Si04 

7 
3 

1.557 
-1.560 

0.033 
-0.049 

0.037^ 

2£'-70'^d: 

P>V 
weak 

P>v 
weak 

p<v 
weak 

MiDBOOvlte 

H2(K^a)Al3(Si04)3 

75 

1.56± 

2i:-70"- 

Lepidolite 

(UKXAlF)Al(SiO:;)a 

6 

1.562 

0.044 

27L"-0^to30^ 

Phlogopite 

CK,H)3(MgF)3MgaAl 

(Si04)3 

4 
8 

1.541 
-L586 

0.033 
-0.060 

2£'==0°to30° 

P<v 
weak 

Biotite 

Sil.  of  Fe^l,Mg,H 

? 

? 

2^=10^ 

P>v 
▼cry  strong 

Glauberite 

Na2S04CaS04 

09 

1.6445*0.043 

2j/^77o 

P^V 
dist. 

p<'  V 

Leucosphenite 

Sil.  of  Ti,Ba,Na 

2 

1.603  jo. 036 

2£'=134°±: 

Lazulite 

CMg.Fe)(A10H)2(P04)2 

i 
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3. 

Refringence  moderate  >1.59  <L66  (Cont) 
g.    Birefringence  veiy  strong  >0.0445  <0.0565 

i 

S^mipjc 

SIGN 

srsT. 

ELONGATION 

OPT. 
ORIENT. 

COLOR 

ABSORP. 

CLEAVAGE 

' 

Sign 

Direc. 

Ext.  Ang. 

+ 

Mono. 

± 

lie 

62" 

X  lU 

Va^^^ 

Z=Y<X 

Perf.  ,1  010 

1. 

- 

Mono. 

+ 

II  001 

Xl|r± 

Z\\i     1    Colorless 

Pctf .  11  001 

1. 
■1- 
1^ 

-L 

- 

Mono. 

+ 

II 001 

xik± 

Yll*   j^!^;2i^w 

Z>Y>X 

Perf.  II  001 

- 

Mono. 

+ 

1^ 

XAf= 
-35= 

■y  II  .     ,        Green 
*"*    1      in  mass 

7 

Perf.  11 010 

- 

Mono. 

? 

Ic 

7 

V  11  A       1         GlKftl 

^1*     1     in  mass 

Pleoch. 

Perf.  II  010 

h.    Birefringence  extreme  >0.0565 

+ 

Orth. 

+ 

I' 

ZWc 

XIU 

Colorless 

Perf.  n  010 

1. 
1. 

+ 

Mono. 

^ir 

X\\i 

Colorless 

)!  001. 010. 

no 

+ 

Mono. 

+ 

lie 

Y|U 

™m»S"° 

7 

Perf.  ti  001 

1. 

1.1 
l.( 

- 

Orth. 

- 

11, 

Xllf 

Z\\i 

Colorless 

Dist.  1  010 

- 

Orth. 

- 

«' 

X!|f 

z\\i> 

Colorless    | 

Poor  11 110 

- 

Orth. 

- 

U 

XIU 

Zllo 

Colorless 

Dist  II 110 

- 

Orth. 

- 

u 

Xllc 

Zlld 

Colorless 

Dist  11  no 

- 

Mono. 

+ 

II  e 

XII A 

Red,  green 

blue 

Pleoch. 

Perf.  11 010 

1., 

- 

Mono. 

+ 

\U 

ZA^-= 
^1" 

Y  lii 

Blue  in  mass        7 

Perf.  11 010 

Dist  li  on 

1.. 

- 

Mono. 

+ 

II  001 

X||r± 

Ylli 

i^„^x'^x^^>'^^ 

Perf.  i;  001 

■L,i 

- 

Mono. 

± 

u- 

XA<^ 
+65^ 

Z]\6 

Colorless 

Perf.  II  no 

1.1 

4. 

Refringence  high  >1.66  <L75 
0.     Birefringence  unknown 

+ 

Orth. 

+ 

II 010 

Z\\c 

XII* 

Colorless 

Perf.  11 010 

l.< 

+ 

Orth. 

+ 

|[c 

Z\\c 

XllA 

z^;^ 

Y>X>Z 

Pert  II 010 

+ 

Orth. 

+ 

Z\\e 

XIIJ 

Green 

Strong 

+ 

Mono. 

+ 

Ik? 

Z/\c= 
+39° 

7 

Colorless 

None 

- 

Rhoni.7 

X|k± 

7 

Brown 

1 

PerfllOOOl 

i: 

-- 

Orth. 

+ 

II 001 

Xllc 

Zlla 

Green  to  blue 

7 

Perf.  II 010 

- 

Orth. 

± 

II  ^ 

Yllf 

XII* 

OUvegreca 

T 

Poor  II 100 
Poor  II 010 

I  Minerals  (Cont.) 
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m 

«p 

ftg  ifp 

OPT.  ANG. 

DISP. 

NAMK 

COMPOSITION 

05 

1.5766 

0.050 

2^=143° 

p<V 

Virianite 

Fes(P04)2+8H»0 

87 
93 

1.557 
-1.560 

0.033 
-0.049 

2£'=70*'d= 

P>v 
weak 

Mnsoovlte 

H«(K^a)Ab(Si04)3 

74 
38 

1.541 
-1.586 

0.033 
-0.060 

2£'=0°to30° 

P<v 
weak 

P>v 
strong 

Biotite 

Sil.  of  Al,Fe,Mg,H 

r 

? 

7 

• 

2//=-no°zt 

Cabrerite 

(Ni,Mg)3(As04)2H-8H20 

3 

? 

7 

• 

2iy5=105°± 

? 

Annabergite 

Ni3(As04)2-l-8H20 

908 

1.5595 

0.0716 

552 

1.4900 

0.1597 

555 

1.6491 

0.0652 

82 

1.530 

0.156 

ro± 

1.525 

0.145 

64 

1.518 

0.147 

76 

1.529 

0.148 

614 

1.6263 

0.0723 

775 

1.5437 

0.0576 

74 
38 

1.504 
-1.589 

0.033 
-0.085 

84 

1.525 

0.161 

.  2F-87° 

P^  V 

weak 

2^-84° 

p<v 
weak 

2^=^37° 

p<V 

strong 

2/r-31° 

p<v 

2E=W 

Weak 

2^=10° 

p<V 

2£'=26^ 

P>v 

2/^-105° 

P>v 
weak 

2^=79*^ 

P<v 
weak 

2£'=0°to40'' 

P<v 

2£'=24° 

P>v 
weak 

Hambergite 


Whewellite 


Natrochalcite 


Arasonite 


Bromlite 


Strontiaiiite 


WithMTite 


Erythrite 


Kr5hnkite 


Biotite 


Barytocalcite 


Be2(OH)B03 


CaC204-fH20 


Na2Cu4r  OH  X  SO4  )3+2Hj!0 


CaCOs 


(Ca3a)C08 


SrCOs 


BaCOs 


Co8(As04)rf8HiO 


NaaCu(S04)«+2HsO 


SiL  of  Al,Fe^3 


BaCa(C08)s 


» 

2Klarge 

P>v 
weak 

Haidingerite 

HCaAs04+H20 

315 

2iE'=126° 

P>v 
strong 

Phosphosiderite 

FcP04+3>^H20 

0 

2^=61° 

? 

Euchroite 

Cuj(OH)As04+3H20 

7 

2£'=107° 

P>v 

Adelite 

HCaMgAsOs 

( 

Uniaxial 
or  2^  small 

? 

Hematolite 

(Al»Mn)As04-4Mn(OH)s 

9 

2>^  large 

? 

Tyrolite 

Cu&(OH)4(As04)2+7H20 

12 

2K=8r 

P>v 
strong 

Libethenite 

Cu(Cu0H)P0« 

SIGN     SYST. 

ELONGATION 

OPT                              '                   I 
ORffiMT.      CO^M*     1 ABSOH  P.  CLEAVAGE 

Sign  1  Di«(.|Ej(t.  Aug. 

-     1     «.n.    1     *     1     ,*   1      Y„.     1   KC    IV^^^Zi^^^l      -^      \ 

b.    Birefringctice  weak  >0J)035  <0.0095 

+ 

Orth. 

zik 

Xlla 

ColMtl^ 

Traces      1 

+ 

Orth. 

+ 

i\e 

ZlK 

XJId 

Colorlesa 

Perf.l|UO    1 

+ 

Orth. 

CP-Zo. 

titehu 

y  !^, 

L,M' 

Zila 

Colotleu 

malilciipink! 

PaLUOlO    1 

+ 

Orth. 

- 

ll<-  1     Xtlf 

Z  II  « 

Colorless 

1 

+ 

Uoao. 

± 

11  *     ZAf=2" 

YM 

Coloileas 

DisL  1(001    t 

+ 

Mono. 

- 

Ik 

X,i^ 

-5° 

Yll* 

Z  yells'  Bieea 

x>r>z 

P«r£.  ft  110  ; 

f 

htoaa.1 

- 

II 001? 

ZlU±7 

7 

^S^ 

Z>Y=X 

+ 

Mono.? 

- 

II 001 

3°  to  20° 

y  11  i± 

'SST 

Y>X>Z 

Perf.  )|  001 

+    1      Tri 

d: 

u 

45" 

TM* 

^^^s^^^s:s 

Z>Y>X 

Perf.  II 110 

-     1    Orth. 

V 

IK  ;   xiii- 

ariahle 

Z||« 

b^^"^ 

T 

Perf.UOOl    , 
DUtllOlO 

—     '     Mono. 

± 

II 010  1  ^'Aif 

Ylli 

Z.Yp.l*bli.e 

I 

-     !      Tri. 

■x±oii  = 

Z,  X  colorless 
Y  violet  to 
colorless 

None  or 
Y>X=Z 

DisL  II 010 
Dist.  II  112    1 
DisL  II  130 

e.    Birefringence  moderate  :>ft0095  <0.0185 


+ 

Orth. 
Ps.  Is. 

Zllf? 

X  1,  A7 

Colorless 

Traces 

+ 

Orth. 

+        Ik 

ziu 

X||« 

Colorless  or 

Perf.  1  no 

+    '    Orth. 

Zll^ 

Xlli 

■fpiJe  yellow 
X™iorl«» 

z>y>x 

Dist  1!  010 

+ 

Orth. 

± 

lu 

Y||r 

Z[|a 

Colorless 

Prismatic 

+ 

Orth.            -: 

Mono.    1    It 

lu- 

Ylk 

Xllfl 

Z.  X  pink 
Y  yellow 

Z>Y-X 

Perf.  II  001 
Poor f 010 

4- 

ll'^ 
:« 
lu- 
lu 

Y,  .c  =  7" 

Xlli 

Colorless  or 
nearly  so 

None  or 
weak 

DisL  MOO 

+ 

Mono. 

± 

Y  II  *  7 

Xlk±7 

Colorless  or 
nearly  so 

DisL  ^1  001 

+ 

Mono. 

Y||* 

X^liteV^SSn 

Weak 
Z>Y>X 

Perf.  11 110 

+     1      Tri. 

Eit.  on 

010-4" 

ZX010  + 

Colorless  or  |  None  or 
nearly  so    1     weak 

Poor  II  010 
Poor  II  100 

Minerals  (Coat.) 
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1 

«p 

^r-*h 

OPT.  ANG. 

DISP. 

NAME 

COMPOSITION 

1 

1 

7 

0.000 
-0.032 

2^^=68° 

Strong 

Allanite 

Sil.  of  Al,Fe,Ce,Ca,H 

18 

1.747 

0.009 

2-£'-85° 

P>v 

Chrysobcryl 

BeAl204 

19 

1.656 

0.009 

2^=70° 
to  90° 

P>v 

£n>tatite 

MgSiOs 

9 

1.697 

0.005 

2K=51°± 

P<v 
strong 

Zoisite 

HsCa4Al«Si«026 

1.6782 

0.0049 

2^=90^ 

P<v 

Harstigite 

H7(Ca,Mn)i2AKSi04)io 

95 

1.7176 

0.0056 

2K=82° 

P>v 
.  strong 

Clinozoisite 

H2Ca4Al6Su02e  ' 

<1.687 

0.005 

2  F  large 

Strong 

Riebeckite 

2NaFeSi206FeSi03 

fc 

? 

Weak 

2  K  large 

? 

Serendibite 

Sil.  of  Al,Be,Mg,Ca,Fe 

il 

7 

0.007 
^.016 

2£"-55° 
to  120° 

P>v 
strong 

Chloritoid 

HsFeAbSiO: 

iblende 

0.0064 

2^=60°± 

? 

yCnigmatite 

Sil.  of  Ti^l,Fe^a 

4 

1.683 

0.008  :fc 

2i5'=0°to60° 

P>v 
▼ery  strong 

Triphylite 

Li(Fe,Mn)PC4 

68 

1.7055 

0.0057 

2K=69° 

p<v 
Incl. 

p<V 

Incl. 
Horiz. 

Sapphirine 

Mg.'Ali2Si:K)27 

8 

1.672 

0.009 

2K=72°zh 

Axinite 

Sil.  of  A13,Ca,Fe,H 

.70 

1.6622 

0.0108 

2^'=90°— 

7 

• 

Boracite 

Mg^ClxBifiOrn 

68 

1.6607 

0.0108 

2^^-70° 
to  90° 

P>v 

Enstatite 

MgSiOs 

1 

1.736 

0.010 
•0.015 

2  F=88°dz 

P>v 

Straurolite 

HFeAl.%Si20i3 

5 

1.68d: 

0.014 

2  F_86° 

P>v 

Barylite 

Ba4Al4Si7024 

'9 

1.676 

0.011 

2  K-55° 
to  65° 

P<v 
▼ery  strong 

P<V 
strong 

Lithiophilite 

Li(Mn,Fe)P04 

82 

1.6654 

0.016 

2F==74° 

Rinkite 

Sil.  of  Ti,Ca,Ce,Na,F 

91 

1.7238 

0.005 
-0.020 

2K=90°± 

P<v 

Fouqudite 

H2Ca4Al6Si60.>6 

66 

1.7320 

0.0185 

2 1^=60° 

P>v 

Hedenbergite 

(Ca.Fe)Si03 

t 

? 

0.012 

2V  large 

■ 
7 

• 

Hainite 

Sil.  of  Na,Ca.Ce.Ti,Zr? 

C.  (11.)  Anisotropic  Bj 


4. 

Reftingeoce  high  >1.66  <L75  f  Cent) 

c.     Birefringence  modeiate  >0.0095  <0.0185  (Cont.) 

SIGN 

SYST. 

ELONGATION 

OPT. 

ORIENT. 

COLOR 

1 

7 
■LW 

Sign 

Direc 

Ext.  Ang. 

+ 

Tri. 

+ 

lU 

Ext  on 

Exi.  on 
010=75° 

Colorless  or 
nearly  bo 

None 
or  weak 

Poor  11  IJO 
Poor  (1  110 

- 

Orth. 

ll' 

Zllc 

Xlja 

yrfw1x/«l 

X>Y>Z     Pert  :|  110 

- 

Orth. 

- 

ic 

X||f 

Yl|« 

Colorless 
or  ydiow 

Prismatic 

i.«a 

- 

Ortk 

- 

11  c 

X  lU 

ZUa 

Z,  Y  c<.lorl«» 
X  blue.  piak. 

2-Y<X 

Dist  II  100 

1.69' 

- 

Mono. 

=t 

11^ 

Xic± 

zwt- 

Pink  in  oast 

7 

1.7U 

- 

Mono. 

±L 

u* 

Y|[* 

x/s= 

yellow.  X  yel- 

Y>Z>X 

Distil  001 

!to 
1.7« 

- 

Mono. 

± 

11^ 

YM 

Z.  Y  brawn 
Xi»l«br™n 

Z>Y>X 

TtBcea 

? 

- 

Mono.? 

- 

11001 

3"  to  20' 

v;i*± 

ter.o^ 

Y>X>Z 

Perl  11  001 

! 

- 

P8.H)t. 

i 

X  1!  r± 

Coloileu 

DistllOOl 

1.72! 

- 

Tri- 

+ 

Ik 

XJ.100± 

■^Toof 

Colorless 

Peri.  11  100 
Perf.  1  010 

1.7a 

- 

Til 

- 

II 001 

ExLon 

010  = 

-  32'^ 

Ext  on 

100- 

-t-lO'' 

Colorless 

Perf.  ((  liO 
Perf.  1'  110 
Dist  1  001 

d.    Biref 

rfngenc 

«  ratbei  strong  > 

0.0185  <0.0275 

+ 

Orth. 

+ 

IN- 

Zlk 

YU* 

Colorless 

Peri.  .  010 

!.«( 

+ 

Orth. 

- 

II 001 

ziu- 

XII  a 

Colorless 

BiE 

t.6» 

+ 

Mono. 

+ 

li. 

ZA<— 
+25=± 
ZAr= 

-1-41° 

Yll* 

Colorless 

Perf.  11  010 

1-67 

+ 

Mono. 

+ 

i|  f 

Y  II  6 

.^i-tTer^e 

None  or  7 

Perf.  11  010 

1-67 

+ 

Mono. 

-^ 

,;, 

Z  V= 

30^  to  44^ 

Yll* 

Calorleo  or 

Zpslegiem 

Y  yellow  ET«n 

Kpink 

None 
or  weak 

Perf.  It  110 
Psrting  1  001 

1-71 

+ 

Mono. 

^ 

,K 

ZAc= 
4-45= 
10+48° 

Y  i  t 

JSBl 

Weak 

z>y>x 

Peri.  11 110 

1.75 

-i- 

Mono. 

- 

- 

ZA<-= 
+38° 
10+54° 

Yii* 

ZETCcnjsh            None 
Tbro«ni,h  X    orweak 
ttTeeniihyeliowi 

Perf.  II 110 

1,72 
-1.73 

-H 

Mono. 

±7 

II  « 

Yjl* 

X  II  <r±7 

Colorless  or 

nearly  so     | 

DistllOOl 

1.73 

+ 

Mono. 

- 

hWl 

ziu± 

Yll* 

Colorless 

Traces 

? 

+ 

Mono. 

- 

,,. 

ZAf= 

—18° 

to  -21° 

YIM 

Z  yery  pHt 
X  tnrta  or  bint 

X>Y>Z 

Perf.  1  110 

: 

uial  Minerals  (Coot.) 


- 

ttr-»v  OPT.  ANG. 

DISP. 

NAME 

COMPOSITION 

1.6B 
pL71 

? 

D.0123 

Zf' large 

7 

Hiortdahlite 

(Na^Ca)Fe(Si,Zr):0. 

* 

J 

1.702 

1-692 
1.7156 

0.011 

.aoi3 

2r=90* 
10  70" 

P<v 

(Mg.Fe)SiO, 

B 

1.6805 

1.6691 

0.0127 

2£:=I5^ 
to  65^ 

P>-" 

Komenipine 

MgAIiSiO. 

1.686 

1.678 

o.ou 

2K^3S' 

to  40^ 

strong 

Dumortierite 

AUSLj0i» 

S 

1-7375 

1.7312 

0.0124 

2f--^68° 

7 

Thalenite 

HiY^SwOii 

1.720 
-L753 

7  to 
1.730 

0  016 

-0.054 

to  88" 

f>^ 

Epldoto 

HCaiCAI.Fe)jSuOi3 

1.68 
^1.70 

7 

0.000 
4).032 

2I':^68^± 

Strong 

AUanite           J      Sil.  of  Al,Fe.Ca.Ce,H 

1.741 

T 

0,007 
rfl.016 

2£'^6S' 
to  120=' 

9>V 

strong 

Chloritoid                     HiFeAl-SiO? 

1 

1.7202 

1.7148 

0.0105 

2^=83° 

? 

Trinierite 

(B<!jIn,Ca)^0, 

1.720 

1.712 

0.016 

2V=SJ,°^ 

Incl. 
weak 

Cyanite 

AliSiOa 

'■" 

T 

0.010 

-omi 

2K=76° 

crossed 

Rhodonite                           MnSiO. 

1.658 

1.656 

0.020 

2r^-30''i- 

/•>!' 

Sillimanite 

AlaSiO. 

1.669 

1,665 

0  019 
^1021 

2^=84= 

7 

HXaAl^i,0.„ 

1.669 

1.651 

a.026 

2f'^54'' 
to  60° 

,-v 

Spodtunene 

LiAKSiOa), 

1.655 

1.652 

0.019 

2.^=88" 

,-.,. 

Euclase 

Be[:A]OH)SiO* 

" 

1.691 

1.690 

0.021 
■a023 

2£'=13° 

to  67=-|- 

-1. 

Pigeonitc 

(MgJe.Ca)Si037 

* 

1.7366 

1.7320 

0.O186 

2K=60'^ 

HidB>.b«Klto 

(Ca.Fe)SiO. 

3 

1.7039 
-1.717 

1.6975 
-1.712 

0.025 
•0.021 

2^=60"^ 

IncL 

Anclt. 

Sil.  of  Ca,Mg.Fe^l 

u 

1.7291 

1.7238 

o.oos 

■0.020 

2r^^90°= 

P  > 

Pouqufite 

HiCo^AUSiiOM 

1.678 

7 

0.021 

2f=80'' 

_horii._ 

Homilite 

CaFe(BO>,<SiO,)i 

7 

? 

0.025 

2£";^5^± 

Crocidolite 

NaFeSi^o-FeSiOa 

[                              •        ~    ■     ■"■"                          C.  (II.)  Anisoiropio" 

4,    Refringence  high  >1.66  <1.75  (ContJ 

d.    Birefringence  rather  strong  >0.0185  <0.0275  CCOnt) 

SIGN 

SYST. 

ELONGATION 

OET. 
ORIENT 

COLOR 

UtP  .-  ™ 

■ 

Sign  JDirec. 

Eitt  Ang 

ABSOEtP 

V.1.E.AIAUE, 

+? 

Mono. 

- 

11^ 

13°= 

X  IM 

Colorless  to 
pale  yellow 

Z>Y>X 

Pert.  11  001 
Disl.  li  100 

- 

Mono. 

+ 

II 001 

XIU± 

Yll* 

Z.  Y  c<>l«rl«> 
X  yellDW  brawn 

z=Y<:x 

Per*.  1;  001 

1-1 

l.( 

1.; 
T 

1.; 

- 

HODO. 

+ 

li£ 

to +25= 

Yll* 

Z  |^«n  or  yel- 
brovm.  X  veI- 

Z>Y>X 

Perf.  II  UO 

- 

Mono. 

± 

11 100 

-45°± 

YIU 

Colorless 

Dist  11010 

- 

Mono. 

- 

11  <* 

Ylli 

Z  viUow  snea 
YbluBlon™ 
yellow.  JTyd- 

¥>Z>X 

DUt-liOOl 

- 

Mono. 

- 

\\c 

-12" 
to  —15" 

YllA 

X  ETCcn  blue 

X>Y>Z 

Perf.  if  UO 

1.; 

e.    Birefringence  strong  >0.0Z75  <0.0355 

+ 

Orth.7 

7 

7 

l-rK'S™ 

x>y^z 

1.1 

+ 

Orth. 

^ 

Ik 

Ylk 

Zll" 

Colorless 

Dist  (1  010 

-f 

Mono. 

XA«= 
7°  to  12" 

Z\\b 

5-ie;3" 

None  or 
X>Z>Y 

Poor  11 001 

+ 

Mono. 

4- 

+33=± 

Y||i 

Colorless 

Perf.  II 110 

+ 

Mono. 

lU 

+38° 
10+45^ 

Yll* 

Colorless  or 

Pert  II 110 

+ 

Mono. 

Z  ,c^ 

+60°+ 

Yll* 

Z  rellow  or 
Bijeeo.  Y  ermn 

X>Y=Z? 

Perf.  II  110 

1  ' 

+ 

Tti 

'1 

.!. 

Ext.  on 

100^44° 

Ext.  on 
010=3P 

brown  Dtydlow 

Z>X>Y 

Perf.  11 110 

DisL  II  110 

- 

Mono. 

+ 

I^ 

Z\c^ 

O^to+lO" 

Yll  * 

Z.Ydarkbro«-n 

Z>Y>X 

Perf.  11  no 

-L' 

- 

Mono. 

- 

\\b 

Til* 

XA.-= 
-3°± 

!£S" 

Y>Z>X 

Dist  II 001 

7 

1.; 

- 

Mono. 

= 

II  b 

Ylli 

+6'C 

A£f,7„ 

Z>Y>X 

Traces 

- 

Mono. 

- 

^20"  It 

Yll* 

ZyelloworiingF 

Z>Y>X 

Dist  [1 100 

f.    Birefringence  strong  >0.0355  <0.0445 

+ 

Orth.    1    ± 

11^ 

Ylk 

Zlja 

Colorless  or 
nearly  BO 

Distil  010 

l.t 

-1.: 

+ 

Orth.          — 

lli^ 

Xllf 

Zil* 

Colorless 
to  brown 

Y>Z>X 

Ditto  120 

,.: 

- 

Mono.        + 

lU 

ZA^^ 
0=10+10" 

Y||* 

<oi  green) 
X  ydlo- 

Z>Y>X 

Perf.  II  110 

ili 

Minerals  (Cont.) 
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1 

ifp 

tijg Ifp 

OPT.  ANG. 

DISP. 

NAME 

COMPOSITION 

» 

7 

0.026 

2K=90"±: 

? 

Rosenbuschite 

Sil.  of  Ca,Ti,Zr^aJi' 

87 

1.7046 

0.0252 

2^=42** 

p<V 

Ganophyllite 

Sil.  of  AlMn,H 

'3 

1.661 

0.022 

2K=84°ifc 

p<V 

Incl. 

Uomblende 

Sil.  of  Al,Fe,Mg,(XNa 

.6 

1.700 

0.026 

2K-75°± 

p<v 
dist 

Wohlerite 

Sil.  of  Zr^,Ca,Na,F 

!0 
»3 

?to 
1.730 

0.016 
-0.054 

2F=74" 
to  88° 

P>v 

Epidote 

HCa2(Al,Fe)3Si30i3 

yp. 

1.687 

0.021 
-0.027 

2  V  large 

7 

• 

Arfvedsonite 

Sil.  of  Fe^a^.Ca.Mg 

rs 

1.669 

0.033 

2£'=120° 

P>v 

Titanolivine 

(Mg,FeXSi,Ti)04 

59 

7 

0.035  ± 

2K=86°-^- 

P<v 

Forsterite 

Mg2Si04 

70 

1.658 

0.032 

2K=76° 

p>V 

crossed 

Clinohumite 
{cf,  Humite) 

[Mg(F,OH)]2Mg7(Si04)4 

S4 

? 

0.029 

2  K=70° 

P<v 

Jadeite 

NaAl(SiOa)2 

30 
[)6 

1.673 
-L699 

0.030 
-0.028 

2^^-59° 
to  60° 

P>v 

IHopside 

Ca(Mgjre)(SiOd)2 

87 

1.680 

0.029 

2  K=60°=h 

P>v 

iCgynnaugite 

Sil.  of  Fe,Ca,Mg^a^ 

2 

? 

0.032 

2K=62°± 

Strong 

Babingtonite 

Sil.  of  Ca,Fe^n 

95 
25 

1.677 
-1.680 

0.031 
-0.072 

2  K-79°± 

P<v 
Incl. 

BaMdilo 
Uomblende 

Sil.  of  Fe^l,Mg.Ca^a 

20 
53 

?to 
1.730 

0.016 
-0.054 

0.000 
-0.032 

2  ^=74^^ 
to  88^ 

P>v 

Epidote 

HCa2(Al,Fc)3Si30i3 

3 
[> 

7 

2  K-68°± 

Strong 

Allanite 

Sil.  of  Al,Fe,Ca,Ce,H 

50 

7 

0.03 

2^^-80° 

Weak 

Lavenite 

Sil.  of  Na,Zr,Mn,Ca,Fe 

'^ 

1.6535 
-L6720 

0.036 
-0.037 

2^^=86° 
to90'' 

P<v 

Chrysolite 

(Olivine  proper) 

(Mg,Fe)2Si04 

■ 

1.7431 

0.0445 

2^=72^ 

7 

• 

Lorenzenite 

Nas(Si,Ti,Zr)309 

^5 
25 

1.677 
-L680 

0.031 
-0.072 

2^^-79°± 

p<V 

Incl. 

Basaltic 

Hornblende 

SiL  of  Fe,Al,Mg,CaJla 

^^^^^^^^^V^                 C.  (ID.  Anisotropic 

4.    Refringence  Hgh  >1.66  <1.75  <Cont") 

f.     Birefringence  strong  >0.t»55  <a0445  (t^ont. ) 

SICN 

SVST. 

ELONGATION 

oKt.j    color     absokp 

CLEAVAGE 

Sign  [  Direc  ExL  Ang. 

- 

Mono. 

± 

Hi- 

^+3°    1     Zlt-*     1    Colorless 

Distil 010    : 

- 

Uotto. 

± 

ll  A 

v«     '^iel^Hwf 

Y  >Z>X 

DUL  li  001    . 

g.    Biiefringence  veiy  strong  >0.0445  <0.0565 

+ 

Orth. 

± 

\\c 

Y||e 

21U 

^n;gr|  ^g^ 

Pert  II 010 

+ 

Orth. 

- 

Ik 

X  \e 

Z||<. 

Colorless 

Pert  II 010 

+ 

Mono. 

±L 

1  b 

Ylia 

ZAa= 
32" 

Zred.YviDlel 
X  ydlow 

X>Y>Z 

mstiioio 

- 

Orth. 

± 

Ut- 

YIU 

XIU 

Colorless    { 

T 

- 

Mono. 

+ 

ile 

Y||* 

Z  yellow  to 

Z>Y=X 

PatNUO 

- 

Hwo. 

+ 

lie 

0°to+10° 

Ylli 

Z,Yd«k  brown 

Z>Y>X 

Pert  |U0 

- 

Uono. 

± 

II  b 

Ylt* 

XA.:^ 

'^SvS" 

Y>Z>X 

Kit  II  001 

- 

Tri. 

Elton 
010^10" 

Ext.  on 
100=26^ 

Colorless 

Perf- 11001 

h.    Birefringence  extreme  >0,0565 


+ 

Mono. 

+ 

«S 

Yil* 

Green 
in  mass 

' 

Perf.  i:  001  J 

- 

Orth. 

- 

1, 

X  lie 

ZM 

Colorless 

Dist.  II  010 

- 

Orth. 

- 

:if 

X||r 

ZU 

Colorless 

Poor  II 110 

- 

Orth. 

- 

Xllc 

ziu 

Colorless 

Dist  II 110 

- 

Orth. 

- 

lU 

XIU 

Zlla 

Colorless 

IMst  11  110 

- 

Mono. 

+ 

Ik 

ZAe= 
ll'^+lS" 

\\b 

Z  «11P"  to 

Z>Y^X 

Perf.  II 110 

- 

Mono. 

+ 

\\c 

0°  to  10° 

\\b 

Z.Ydirk  brown 
(mareeo) 
XyeUow 

z>y>x 

Perf.  n  010 

- 

Mono. 

+ 

I, 

ZAe^ 
-31= 

XII  b 

Red,  green, 
blue 

Pleoch, 

Pert  II  010 

- 

Mono. 

± 

,, 

XAe= 
+65° 

Z  \\b 

ColoHcst 

Pert  II 110 

itxial  Minerals  (Cont.) 
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r 

fJTn 

OPT.  ANG. 

DISP. 

NAMK 

COMPOSITIOIi 

08 

1.6609 

1.6445 

0.043 

2^^=77° 

p>v 
strong 

Leucosphenite 

SiL  of  BaJ^a,Ti 

10 

1.720 
-1.753 

?to 
1.730 

0.016 
-0.054 

2^=74° 
to  88° 

P>v 

Epidote 

HCas(Al^e)aSuOis 

50 

,1.703   1.678 

J 

0.055 

2f^^70° 
to  80° 

? 

Astrophyllite 

Sil.  of  Fe,Mn.Ti;Zr,Na,H 

il.722  |l.702 

0.048 

2F=84° 

p<v 

Diaspore 

AIO(OH) 

Like  epidote 

0.05± 

2V=79'± 

7 

Piedmontite 

HCa2(Al,Mn)8Si30i8 

35 

1.722 

1.686 

0.049 

2K=61° 

dist 

Glaucochroite 

MnCaSi04 

» 

1.73 

? 

0.056 

2f^=50°±: 

P>v 

Grtinerite 

FeSiOs 

B6 
a2 

1.695 
-L725 

1.720 
-L753 

1.677 
-L680 

0.031 
-0.072 

2F=79° 

P<v 
Incl. 

Basaltlo 
Hornblende 

SiL  of  Fe,ALMg,Ca^a 

to 
S8 

?to 
1.730 

0.016 
-0.054 

2f^=74° 
to  88° 

P>v 

Epidote 

HCa2(ALFe)8SliOi8 

m 

7 

<1.665 

>OiMl 

2£'=80° 
to  90° 

7 

• 

Tarbuttite 

Zn2(OH)P04 

!43 

1.6555 

1.6491 

0.0652 

2^-37° 

P<v 
strong 

Natrochalcite 

NajCu4(OHXS04)8+2HiO 

IS 

1.682 

1.530 

0.156 

2^=31° 

P<v 

Aragonlte 

CaCOs 

u 

L670± 

1.525 

0.145 

2^=10° 

Weak 

Bromlite 

(Ca3a)C08 

5 

1.664 

1.518 

0.147 

2£^=10° 

P<v 

Strontlmnlte 

SrCOs 

7 

1.676 

1.529 

0.148 

2£^=26° 

P>v 

^Witherite 

BaCOs 

1.73 

7 

0.056 

2K=50°±: 

P>v 

• 

GrOnerite 

FeSiOs 

1 

I 

1.695 

-1725 

1.677 
-1.680 

0.031 
-a072 

2K=79°± 

P<v 
IncL 

Basaltlo 
Hornblende 

SiL  of  Fe^^&Ca,Na 

16 

1.6614 

1.6263 

0.0723 

2^=105° 

P>v 
weak 

Erythrite 

Cos(As04)2H-8HjO 

I 

1.684 

1.525 

0.161 

2^=24° 

P>v 
weak 

Rarytocalcite 

BaCa(C08)s 

C.  (11.)  Aalsotropic 


5. 

Refringence  very  high  >1.75 
«,    Birefringence  unknown 

SIGN 

SYST. 

ELONGATION 

OPT. 
ORIENT. 

COLOR      ABSOHP. 

1 

CLEAVAGE 

Sign 

Direc 

Ext.  Aag 

+ 

Orth. 

+ 

II. 

Z||. 

Xll* 

Zcolofleuto  , 

Poor  If  120 

+ 

Orth. 

+ 

,1. 

Zik 

Xlli 

Z>X>Y 

Poor  11  OH 
Poor  II  010 

+ 

Orth. 

± 

We 

Y|I. 

Zlla 

Green,  brown. 

Weak 

Traces 

+ 

MonD. 

T 

\\c 

Ext.  on 

010= 

8'  to  11° 

? 

Hyacinth 
red 

T 

Perf.  8  010 

+ 

Mono. 

+ 

11. 

XA<r= 

Y|i* 

Colorien 

Pert  1  010 

- 

Orth. 

+ 

II. 

Zll. 

Xll* 

Colorless 

Peif.  B  010 

- 

Orth. 

+ 

II 001 

Xlk 

ZIIJ 

Cherry  red 

? 

Poor  1]  001 

- 

Orth. 

± 

l|f 

Tllf 

XII  a 

Colorless 

Perl  II  010 

- 

Orth. 

± 

II  o 

Yil« 

XII* 

Green 
in  mass 

Plwch. 

Peri,  II  001 

- 

Mono. 

XN^± 

Yll* 

Lemon 
yellow 

7 

DiiLtlOOl 

a.    Birefringence  very  weak  <0.OO35 

+ 

"»^   +t«'t.!-^^ 

Yll* 

GKen 
or  brown 

None    1       None 

± 

Ps.  Is.               '                   T 

7 

Gray,  brown, 
red,  green 

7         1    Poor  11 100 

b.    Birefringence  weak  >0.0035  <0.0095 

+ 

Orth. 

± 

II 100 

Y[|a 

Zll. 

Colorless 

Poor  i;  Oil    , 
Poor  1!  010    ' 

± 

Ps-Is. 

7 

7 

Gray,  brown, 
red.  green 

T 

Poor  i[  100 

- 

HejL? 

- 

Ik 

0° 

Xll. 

Gr«n.  tcUdw, 

? 

Traces       2 

c.    Birefringence  moderate  >0.0095  <CI.0185 

+ 

Mono. 

+ 

li"^ 

Jfi^xy 

Ylli 

Green  or 
brown 

None 

None 

+ 

Mono. 

+ 

II  010 

Zf\<:  = 
-43= 

Xll  * 

Coloriess 
to  brown 

7 

- 

Hex.? 

- 

11.           0° 

X  y  . 

or  white  in 

DUU 

7 

Trace*      2 

xial  Minerals  (Cont.) 
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Hm 

«p 

OPT.  ANG. 

DISP. 

NAME 

COMPOSITION 

1.84 

2^=115° 

P>v 
strong 

Scorodite 

FeA804+2H20 

1.89 

2f:=w*± 

7 

nvaite 

CaFes(FeOHXSi04)s 

1.83 

2/^=106° 

P>v 
strong 

Olivenite 

Cu(CuOH)A804 

? 

7 

7 

Pyrostilpnite 

AgsSbSs 

7 

2^-65*^ 

strong 

Claud^tite 

AssOs 

high 

2/^=140° 

7 

Tellurite 

TeOs 

? 

1 

2£^=66*» 
to  88° 

7 

Polybasite 

Ag9SbS6 

2.34 

2  F  small 

very  strong 

Valentinite 

Sb208 

1.846 

2K=83° 

p<V 
weak 

Caledonite 

(Pb,CuX0H>S04 

? 

• 

2£'-125° 

p<7f 

Xanthoconite 

AgsAsSs 

>1.78 

? 

0.000 

to 
■trong 

2K-85° 

P<v 
strong 

Gadolinite 

Be2Fe(YO)j(Si04)f 

2.38 

? 

0.000 
^.007 

2^^=90°± 

P>v 

Perovskite 

CaTiOs 

1.748 

1.747 

0.009 

2£'-85° 

P>v 

Chrysoberyl 

BeAl204 

2.38 

7 

0.000 
^.007 

2K=90°± 

P>v 

Perovskite 

CaTiOs 

7 

2.0420 

0.0084 

Uniaxial  or 
2  F  small 

7 

« 

Pyromorphite 

Pb4(PbCl)(P04)3 

>1.78 

0.000 
ttrong 

2F=85° 

p<v 
strong 

Gadolinite 

BejFeCYO)2(Si04> 

7 

? 

O.Oli 

2F-80°±: 

7 

Hellandite 

Ca[(Al,Y,Er,Fe)0H]8 

Si208 

7 

2.1180 

0.0169 

2iE^-0° 
to  64° 

? 

Mimetite 

Pb4rPbCl)(As04)s 
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C.  (II.)  Anisotropic  1 


5.    Refringence  very  high  >L75  (Cont) 

d.    Birefringence  rather  strong  >0.0185  <0.0275 


SIGN 

SYST. 

ELONGATION 

OPT. 
ORIENT. 

COLOR 

ABSORP. 

CLEAVAGE 

^^^^™ 

Sign 

Direc. 

Ext  Ang. 

f 

+ 

Orth. 

Z||a 

Xllr 

Colorless 

Dist  U  001 
Dist  II 110 

U 

+ 

Orth. 

1  c 

Xllr 

Z  \b 

Z  pale  yellow 

Y\X  golden 

yellow 

Z<Y-X 

Pcrf.  !,'  010 
Dist  II 110 

+ 

Orth. 

- 

c 

Xlk 

Z\\a 

Z  brown 

Y  red  brown 

X  yellow  brown 

Z>Yor 
Z-Y>X 

Dist  II 100 



Orth. 

+ 

c 

Z\\c 

XI  d 

Z  grass  green 

Y  yellow  green 

X  pale  green 

7 

• 

Perf.  \\  010 

e.    Birefringence  strong  >0.0275  <0.0355 


+ 


Mono. 

+ 

C 

Orth. 

±z     • 

\c 

Mono. 

± 

\\c 

Mono. 

II  c 

Mono. 

' 

ZAc= 
-40 

to  —Vp 


Yik 


XA^ 
—49° 


XA^ 
+11° 


XA^= 
— 20°d= 


Y  1!  b 

Xll^ 

Yll^ 

Yll^ 


Yll* 


Green  or 
brown 


Colorless  or 
Z,  X  sreen  yel- 
low, *Y  orange 
yellow 


Hyacinth  red  to 
olive  green 


Z,  Y  vermilion 
X  orange  red 


Z  yellow  to  red 
Y,  X  colorless 
to  yellow 


None 


Y>X>Z  or 
Y>X=Z 


Pleoch. 


Z=Y>X 


Z>Y>X 


None 


Dist  II 010 


Distil  101 


Perf.  11 010 
Dist  II 001 
Dist  II 100 


Dist  II  100 


1.1 


f.    Birefringence  strong  >0.0355  <0.0445 


+ 


+ 


Orth. 

\\c 

X     c 

Zl  b 

Orth. 

11100 

Z|  a 

X!i^ 

Orth. 

\\c 

X!ir 

Y'l^ 

Orth. 

± 

\c 

Y  \c 

Xll^ 

Colorless 
to  brown 


Brown 
to  black 


Red,  brown  or 
black  in  mass 


Colorless  to 
very  pale  green 


Y>Z>X 


Y>Z=X 


Dist  11120 


Dist  II  010 


None 


Dist  !  010 


g.    Birefringence  very  strong  >0.0445  <0.0565 


+ 

Orth. 

c 

x:i  c 

Z  11  b 

Colorless 
to  brown 

Y>Z>X 

Dist  1  120 

1. 

+ 

Mono.? 
Ps.  Tet.? 

+ 

1  c 

0° 

Z    c 

Colorless  to 

pale  brown  or 

gray 

Poorl  110 

1. 

+ 

Mono. 

± 

100 

Z/\c- 
-f4°d= 

X  11^ 

Colorless 
to  yellowish 

Y>Z=X 

Dist  II 100 

1. 

Orth. 

+ 

1  c 

Z    c 

xi;^ 

Z  orange  yellow 
Y  brownish  yel- 
low, X  yellow 

Y>Z>X 

11 100 

Orth. 

±1 

\\c 

YU 

X  Ij  b 

Z.  X  green 

yellow 

Y  orange  yellow 

Y>Z>X  or 
Y>Z=X 

Dist  II 010 

1 

APPENDIX  I. 

The  Optical  Study  of  Opaque  Minerals. 

While  our  knowledge  of  the  microscopic  characters  of  transparent 
mincfals  has  increased  with  remarkable  rapidity  during  the  last  fifty  years, 
that  of  the  optic  characters  of  opaque  minerals  has  remained  at  a  stand- 
still in  a  very  unsatisfactory  condition.  Mineralogists  are  to  be  con- 
gratulated that  there  is  good  reason  to  believe  that  a  new  era  is  at  hand 
when  we  shall  be  able  to  study  the  opaque  minerals  microscopically  with 
results  not  greatly  inferior  to  those  obtained  at  present  with  transparent 
nunerals. 

During  the  last  two  years  several  articles  have  appeared  by  Campbell  * 
and  Knight  which  have  been  especially  notable  as  representing  the  suc- 
cessful application  of  the  methods  of  metallography  to  the  study  of  opaque 
minerals.  By  very  careful  polishing  of  surfaces  on  opaque  minerals,  and 
po^verful  vertical  illumination,  these  investigators  have  made  im- 
portant discoveries  concerning  the  microstructure  of  the  minerals 
studied.  They  have  examined  chiefly  samples  of  copper,  nickel,  and  iron 
ores  by  the  methods  of  metallography  and  have  obtained  results  which 
have  important  bearings  on  the  origin  of  certain  ore  deposits.  But  these 
methods  involve  simply  a  study  of  structures,  and  not  a  study  of  the  in- 
ternal characters  of  the  respective  minerals,  such  as  is  revealed  by  the 
I>olarizing  microscope  as  applied  to  transparent  minerals.  The  only 
knowledge  of  internal  characters  obtained  by  the  metallographist  is  that 
derived  from  the  study  of  etching  figures,  and  these  are  not  easily  ob- 
tained, especially  on  surfaces  only  of  microscopic  size. 

The  development  of  a  method  of  microscopic  investigation  which  per- 
mits determination  of  the  internal  optical  characters  of  opaque  minerals 
is  manifestly  of  the  utmost  importance:  its  accomplishment  is  of  such 
recent  date  that  the  possibilities  of  the  new  method  can  not  yet  be  fully 
stated,  but  it  is  clear  that  it  will  result  in  a  marked  increase  in  our 
knowledge  of  opaque  minerals,  and  that  we  shall  no  longer  consider 
that  the  minerals  that  make  up  the  hulk  of  all  our  ore  deposits  are  outside 
the  field  of  optical  microscopic  study. 

The  new  method  of  study  is  due  to  the  ability  of  Johan  Konigsbcrger  *, 
who  has  devised  apparatus  by  means  of  which  he  is  able  to  distinguish 
at  a  glance  between  isotropic  and  anisotropic  opaque  minerals,  to  determine 
the  pleochroic  formula  in  reflected  light,  to  determine  quantitatively  the 
relative  reflecting  power  for  rays  vibrating  in  different  directions,  and  to 
determine  the  exact  position  of  the  axes  of  ether  vibration.  It  is  clear  that 
this  last  determination  will  give  angles  corresponding  exactly  to  extinction 
angles,  and  will  thus  indicate  the  relation  between  the  internal  sym- 
metry and  the  apparent  external  symmetry.  It  will  disclose  twinning, 
whether  this  complexity  is  evident  from  the  external  form  or  not. 


*  Econ.  Geol.  I.  p.  761.  I.  p.  767.  II.  p.  350. 
*CenfroIb.  fAr  MinerQlogle,  etc.   1908.  pp.   G6r>-.'»7.'t.  597-60.';. 
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OPTICAL  MINERALOGY. 


The  chief  difficulties  encountered  in  undertaking  studies  by  the  neir 
tnei'hod  are  due  to  the  delicacy  of  the  apparatus  employed  and  the  necessity 
for  ohtaining  a  very  high  polish  on  the  material  examined.  Tbe  prepara* 
lion  of  this  polished  surface  is  said  lo  require  about  three  hours'  lime  in 
Ihe  hands  of  an  experienced  workman.  While  these  difficulties  will  un- 
doubtedly prevent  a  wide  u^ge  of  the  new  method,  they  are  apparentij 
little  if  any  greater  than  the  difficulties  encountered  at  the  birth  of  moderc 
petrography. 

The  following  condensed  translation  of  Konigsberger'a  articles  wu 
prepared  by  Mr.  Edward  Steidtmann: 

AN    APR^RATL'S    FOR   THE   RECOGNITION    AND    MEASURE- 
MENT OF  OPTICAL  CHARACTERISTICS  OF 
OPAQUE  SUBSTANCES. 

The  apparatus  enables  one  to  delect  the  presence  of  anisotropic  sub- 
stances in  a  polished  surface  of  an  opaque  fragment,  and  to  determine 
their  optical  orientation,  as  well  as  to  measure  the  difference  between  th( 
reficcting  capacity  (the  ratio  -  )  of  any  two  mutually  perpendiculif 
directions. 

This  mechanism  can  be  used  in  the  optical  study  ■ 
of  minerals  which  are  npaque  even  in  thin  sectii 
in  the  investigation  of  ore   specimens  and  rocks    j 
containing  ores,  and   in  the  physico-chemical  study    ; 
of  metals,  alloys,  and  meteorites. 

The  apparatus  consists  essentially  of  the  fol- 
lowing pans:  (fig  i)  P^  is  a  totally  refltcting, 
precisely  rectangular  prism  which  is  slightly  ec- 
centric in  its  position.  J  is  a  very  carefully  ground 
and  adjusted  Savart  plate,  consisting  of  a  calcite  I 
double  plate  (cut  at  less  than  45°),  crossed,  and 
0.6  mm.  in  total  thickness.  | 

jV  is  the  central  nicol,  which  must  not  have  too  i 
small  an  apertnre;  F,  a  telescope  with  approxi- 
mately seven  fold  magnification  and  a  focus  at 
infinity.  O  is  the  objective  of  the  microscope  with 
a  focal  distance  of  5..i  cm.  (Zeiss  achromatic  AA 
or  DD.)  AA  which  produces  a  magnification  of 
loo  diameters  with  the  telescope  is  the  best  suited 
for  this  purpose.  In  order  to  use  DD  and  in  gen- 
era! for  very  accurate  measurements,  it  is  advis 
able  to  use  in  place  of  the  ordinary  totally  re- 
flecting eccentric  prism,  a  centric  prism  with  a  cy- 
lindrical prism  similar  to  Nachel's  to  set  on  its  cen- 
tra! surface.  The  images  would  be  then  clearer, 
brighter  and  free  from  polarization,  even  under 
high   magnification. 

Jlf  is  the  prepared  substance,  /  is  the  adjusting 
device.     Pt  is  a  glass  plate   whose  inclination  with  | 
the  microscopic  axis  can  be  changed  to  any  desin 
angle.     (Indicator  Z  and  scale  Sc').     Since  the  r 


STUDY  OF  OPAQUE  MINERALS.  467 

fleeting  power  of  glass  for  the  directions  of  vibration  parallel  and  per- 
pendicular to  the  plane  of  incidence  varies  with  the  angle,  and  since  it 
can  be  calculated  from  the  index  of  refraction  and  the  angle  of  incidence 
to  within  0.2%,  a  table  which  is  applicable  to  yellow  light  is  added  to 
the  scale.  This  table  gives  directly  the  amount  of  polarization,  and  from 
this  is  obtained  the  relation  of  the  reflection  in  the  two  directions  on  the 
prepared  substance  whoso  difference  has  been  compensated  by  the  glass 
plate. 

The  telescope  of  the  apparatus  is  focused  on  infinity  and  the  plate  PI 
is  placed  in  a  position  normal  to  the  axis  of  the  microscope.  Then  a 
source  of  light,  (Welsbach  intense  sodium  light,  or  mercury  lamp)  and  a 
lens  are  placed  on  the  table  at  exactly  the  same  elevation  as  the  aperture 
of  the  totally  reflecting  prism,  and  a  somewhat  diffused  image  of  the 
source  of  light  is  thrown  upon  the  aperture.  Following  this  any  isotropic 
metallic  mirror  is  placed  under  the  microscope.  At  this  juncture,  the 
Savart  bands  must  not  be  visible,  but  they  should  appear  in  the  middle  of 
the  field  of  view  if  the  glass  plate  is  now  rotated  through  a  large  angle. 
Two  of  the  Savart  bands  are  nearly  black  and  achromatic.  If  the  plate 
PI  is  turned  back  to  the  zero  position,  the  bands  again  disappear.  When 
the  glass  plate  is  in  a  horizontal  position  and  the  metallic  mirror  is  re- 
placed by  a  cleavage  plate  of  stibnite,  the  bands  appear  brightest  in  four 
positions  of  a  complete  rotation,  and  disappear  entirely  in  four  inter- 
mediate rectangular  positions.  This  indicates  that  the  reflecting  capacity 
of  the  substance  is  not  uniform  in  all  directions,  i.  c.,  the  substance  is 
anisotropic.  If  the  substance  is  composed  of  both  anisotropic  and  isotropic 
portions,  then  the  bands  appear  only  in  the  former. 

The  plates  should  be  so  placed  on  the  stage  that  their  reflecting  sur- 
faces are  perpendicular  to  the  axis  of  the  microscope  and  to  that  of  the 
rotating  stage.  This  position  is  recognized  by  the  fact  that  the  illumina- 
tion is  unchanged  when  the  stage  is  rotated  with  the  plate.  In  order  to 
facilitate  this  adjustment.  I  have  had  the  firm  of  Voigt  &  Hochgesang  con- 
struct a  small  adjusting  device,  consisting  of  a  screw  and  small  rotating 
table.  This  device  is  to  be  preferred  to  the  conventional  adjustment  by 
means  of  three  screws,  because  of  its  more  stable  position  and  its  simple 
manipulation. 

The  focusing  of  the  microscope  is  accomplished  by  a  sharp  focus  on 
the  reflecting  surface  to  be  investigated. 

If  the  reflecting  surface  is  homogeneous,  the  Savart  bands  are  all 
perceived  simultaneously.  This  is  the  case  in  cleavage  plates  of  stibnite 
and  natural  crystals  of  pyrite. 

Frequently,  however,  in  ore  samples,  and  alloys,  the  surface  presents, 
when  moderately  polished,  a  maze  of  striae,  fracture,  and  crystal  boun- 
daries, and  this  makes  the  recognition  of  the  Savart  bands  difficult,  when 
these  are  not  clearly  defined.  One  can  overcome  this  difficulty  in  either 
one  of  two  ways;  namely,  by  using  the  most  powerful  objective,  when  a 
greater  portion  of  the  field  will  present  a  homogeneous  reflecting  surface, 
or  by  either  raising  or  lowering  the  microscope  tube  so  that  the  focus 
is  ill-defined  and  fractures  and  striae  partially  disappear.    Occasionally  both 
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;tliods  can  be  employed  simultaneously.  Sometimes,  it  is  necessary  » 
iain  more  perfect  polish. 

The  manipulation  of  the  apparatus  is  of  course  not  as  simple  as  the 
lere  determination  of  [u5ter  and  streak  of  a  mineral  Its  imroduclion 
night  therefore  be  regarded  as  a  retrogressive  step  in  comparison  witK  the 
macroscopic  diagnosis.  If  one  considers,  however,  that  the  introduction 
of  microscopic  study  of  transparent  substances  brought  about  a  tremendous 
complication  of  melhods,  and  nevertheless  proved  to  be  of  extreme  use- 
fulness, it  may  be  hoped  that  this  method  may  prove  to  be  of  similar, 
though  perhaps  more  limited,  service  in   the  study  of  opaque  minerals. 

The  recognition  of  anisotropic  opaque  substances  by  this  method  prov« 
to  be  very  simple.  A  glance  in  the  microscope  shows  that  the  spherical 
botryoidal  minerals  from  Eribergwerk  am  Schauinsland  (Freiburg  L  B.), 
which  are  commonly  described  as  pyrite  are  a  mixture  of  pyrite  and  mar- 
casitc.  The  glauconite  of  Halcansboda  cut  parallel  to  ooi  proves  to  be 
inlergrown  with  a  differently  oriented,  weakly  anisotropic  substance,  name- 
ly chalcopyrite. 

This  method  also  supplements  the  study  of  twinning  in  a  very  de- 
sirable manner,  since  the  principal  optic,  directions  of  the  various  crystals 
can  be  determined  easily. 

Several  ore  samples  reveal  their  isotropic  and  anisotropic  constituents. 
In  nrifleral  diagnosis,  the  knowledge  of  the  isotropic  or  anisotropic  char- 
acter of  minerals  is  very  important.  The  methods  also  enable  the  observer 
to  determine  the  relation  of  the  optic  directions  to  the  crystal  outline,  and 
from  this  the  relation  between  optic  and  crystallographic  symmetry  can 
be  inferred. 

The  apparatus  may  prove  especially  useful  in  the  study  of  symmetry 
relations  of  chemically  homogeneous  minerals.  The  relations  for  example 
of  the  crystallographic  and  optic  symmetry  of  a  plane  can  be  determined. 
For  this  and  the  following  measurements,  a  contrasting  device  is  attached 
in  front  of  the  totally  reflecting  prism.  This  contrasting  device  consist! 
of  a  lens  and  two  slightly  colored,  smoky  quart*  plates,  which  are  at 
rig:ht  angles*  to  each  other.  As  a  result  of  it;  use  the  Savart  bands  are 
feebly  visible  in  the  ocular,  and  they  are  shifted  hiilf  the  width  of  a  band 
in  the  two  halves  of  the  field  of  view,  but  their  sharpness  and  contrast  are 
the  same  in  the  two  halves. 

If  the  plate  on  the  stage  is  very  weakly  anisotropic,  then  the  bands  be- 
come more  distinct  in  one-half  of  the  field  and  tend  to  disappear  in  the 
opposite  half  This  contrast  can  easily  be  distinguished,  as  a  difference 
of  0.3%  in  reflecting  capacity  can  be  determined  with  certainty. 

As  will  be  explained  later  the  relation  of  optic  symmetry  lines  to  crys- 
tallographic symmetry  lines  can  readily  be  determined  in  the  same  man- 
ner ;  while  heretofore  very  painstaking  observation,  and  very  trying  calca- 
lations  were  necessary  to  achieve  the  same  result,  as  for  instance.  lh( 
careful  study  of  E^  C,  Miillert  on  stibniie  and  of  ForsterlingJ  on  hem 

The  sensitiveness  of  the  device  as  well  as  the  entire  apparatus  can  ' 
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tested  best  on  transparent  anisotropic  material.    It  is  theoretically  best  to 
use  only  one  surface.    In  this  case  the  rear  surface  is  covered  with  black 
shellac    If  the  plate  has  parallel  sides  botb  surfaces  could  be  employed. 
From  FresneFs  intensity  formulas  one  can  deduce  that  in  weak  double 

s 

refraction    for    reflection    on    one    surface      __=:_- — -  in 

r      (n'  —  I)    (n'  -h  I) 

which  fi'  is  the  greater  index  of  refraction,  /'  is  the  complementary  re- 
flected intensity  and  d  is  the  magnitude  of  double  refraction.  For  a 
cleavage  plate  of  gypsum  of  any  thickness,  the  intensity  ratio  for  sodium 
light  is  exactly  1%  for  the  two  surfaces  if  they  are  in  the  correct  posi- 
tion; for  mica,  it  is  1.5%.  It  follows  that  these  values  can  be  easily 
recognized.  For  the  calibration  of  the  glass  plate  for  measuring  the  ratio 
of  intensity  the  following  serve:  Quartz  parallel  to  the  axis:  i  or  2  sur- 

I  V 

faces,  -=^=  0.958 ;    calcite    parallel    to    the    axis :    i    surface  ~  =  0.623 ; 

2  surfaces  -=^  =  0.637 ;  mica :  i  or  2  surfaces  — -  =  0.985.  These  con- 
stants can  readily  be  calculated  for  any  color  and  from  them  the  glass 
plate  can  be  calibrated. 

The  apparatus  is  constructed  by  R.  Fuess  in  Steglitz  bei  Berlin. 
[Konigsberger  expresses  a  willingness  to  test  the  sensitiveness  of  each 
instrument  and  the  accuracy  of  its  calibration  if  it  be  sent  to  him  for  that 
purpose.] 

Grinding  and  Polishing. 

The  ordinary  technical  and  metallographic  methods  by  which  a  high 
degree  of  polish  is  given  to  even  soft  substances,  by  means  of  a  rapidly 
rotating  disc,  yield  a  streak  polish  which  is  entirely  useless  for  these 
optical  measurements,  even  if  for  the  eye  the  effect  is  equal  to  the  more 
painstaking  treatment  to  be  described.  In  certain  soft  noncrystalline  sub- 
stances as  certain  alloys  and  metals,  the  polish  as  commonly  obtained 
may  surpass  that  obtained  by  the  method  described  below.  The  use  of 
a  polishing  steel,  as  in  polishing  gold,  silver,  and  other  precious  metals, 
or  even  of  hematite,  is  rarely  adapted  to  crystalline  substances,  and  is 
certainly  open  to  theoretical  objections,  since  the  pressure  results  in  re- 
arrangement of  molecules,  and  increase  in  density,  and  therefore  a  change 
in  optic  constants. 

If  a  surface  of  a  large  crystal  is  to  be  polished  for  the  purpose  of  exact 
optical  study  then  an  exact  orientation  is  necessary  except  for  isometric 
minerals.  For  this  purpose  I  have  used  the  convenient,  cheap  and  pre- 
cise instrument  of  E.  A.  Wulfing*  with  the  greatest  success.  A  con- 
tact goniometer,  accurate  to  J4  degree  suffices  for  the  control;  since  at 
present,  the  optical  characteristics  of  metallic  absorbing  substances  can 
not  be  investigated  with  such  precision  that  a  more  exact  orientation  is 
demanded. 

The  process  of  grinding  should  be  accompanied  by  frequent  goniometric 
measurements  to  obtain  the  desired  orientation. 

[Konigsberger  made  a  painstaking  research  on  polishing  agents  and 
summarizes   his   results.    He   recommends   chrome   oxide   as   an   efficient 
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polishing  abrasive  for  all  minerals,  excepting  elements  and  alloys.  Oat 
copyrite,  however,  must  be  treated  witli  a  leather  impregnated  with  Piri> 
led  in  order  to  reach  the  highest  state  of  polish.] 

The  preparation  is  glued  with  sealing  wax  in  a  warm  condition  to  t 
thiek  grlass  plate  with  rounded  edges.  The  sealing  wax  must  be  ipieii 
evenly  over  the  edge,  and  must  present  no  depressions  in  which  polishing 
powder  could  lodge  itself. 

The  surface  is  ground  to  approximately  the  desired  size  and  shjji*  on 
a  rotating  polishing  plaie.  Now,  if  the  surface  is  to  be  oriented  it  ii 
fixed  to  the  tripod  of  the  grinding  apparatus  as  described  by  Wiilfinj, 
In  order  to  obviate  the  hand  manipulation  of  the  following  operation*,  the 


Fig,  i.  PollahlDK  a[>panitus.  After  KSntssberser. 


grinding  apparatus  A   (fig.  2)   is  attached 
in  figure  2.  .-)  is  fixed  eccentrically  to  the 
large  wheel,  C.    In  order  to  prevent 
which   the   linen   is   easily   torn,   the   grindei 
axis  D.    The  axis  D  is  inserted  loosely  in 
grinding  apparatus.     It  is  clamped  at  E  at 
fegulatcd.  a  lead  weight  F  increases  the  pi 


the  simple  device  represented 
iis  B.  which  is  rotated  by  thf 
polishing  of  one  circle  by 
A  can  rotate  about  its  own 
to  the  perforated  plate  of  the 
the  lop.  Its  elevation  can  be 
cssure  and  a  lead  ring  set  on 
a  screw  transposes  the  centre  of  gravity  outside  the  axis  D.  In  conse- 
quence of  this  arrangement,  a  rotation  about  B  induces  a  slower  rotation 
about  D.  and  the  entire  surface  H  is  utilized  for  grinding,  //  is  a  round 
glass  plate.  About  this,  a  frame,  which  can  be  tightened  by  means  of  a 
screw  is  placed.  Fine  polishing  powder  is  placed  on  the  screw  and  the 
surface  is  ground  slightly.  Then  thinner  linen  is  stretched  upon  it.  This 
linen  must  be  quite  free  from  knots,  and  then  is  ground  when  moist  with 
the  very  finest  polishing  powder.  Even  at  this  stage,  a  lustrous  polish 
may  appear,  depending  on  the  hardness  of  the  minerals.  Usually,  how- 
ever, the  polishing  must  he  continued  when  dry,  with  the  finest  twice- 
washed  polishing  powder  as  directed  hy  Le  Chalelier. 

In  many  cases,  the  following  additional  treatment  is  necessary.  On 
3  very  finely  ground  glass  plate,  fine  linen  is  stretched  and  carefully 
washed  chrome  oxide  is  employed  as  a  polishing  agent.  Le  Chatelier's 
device  is  recommended  for  washing,  or,  even  better,  is  an  apparatus  used 
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for  washing  and  separating  soils.  Very  soft  ores — galena,  stibnite — arc 
then  polished  by  hand  on  pear  tree  wcod  over  which  finest  linen  batiste 
is  stretched.  Finally,  they  are  rubbed  by  a  bunch  of  the  same  linen.  Soft 
leather  also  gives  excellent  results.  It  is  more  durable  than  linen  but  has 
the  defect  that  hard  bodies  from  the  air  becoming  lodged  in  it,  destroy 
the  polish,  and  develop  curved  surfaces.  The  capacity  of  taking  on  polish 
does  not  in  all  cases  (as  one  might  assume)  depend  on  the  hardness  of 
the  material  as  it  does  in  the  case  of  iron.  By  suitable  treatment  soft 
stibnite,  and  hard  steel  are  rapidly  polis'hed  while  galena  and  hematite 
take  on  complete  polish  only  after  long  treatment,  and  in  the  case  of 
several  substances  perfect  polish  cannot  be  obtained.  As  noted  by  H. 
Behrens  ^,  the  penetration  of  grains  of  the  polishing  agent,  the  passing  of 
the  elastic  limit,  and  according  to  the  author's  experience,  the  nature  of 
the  fracture  and,  not  least,  the  microchemical  reactions  between  the  polisfh- 
ing  agent  and  the  preparation  are  the  most  important  factors  in  securing 
perfect  polish. 

If  the  work  does  not  concern  crystals  which  must  be  studied  in  definite 
orientation,  then  the  following  simple  and  time  saving  grinding  apparatus 
can  be  used.  The  substance  is  fixed  on  the  Plate  A,  as  in  the  preceding 
description.  Then  a  surface  is  ground  on  a  rotating  polishing  plate. 
Thereupon  the  plate  is  fixed  at  B,  the  screws  C  and  D  are  slightly  loos- 
ened, and  the  plate  is  adjusted  by  hand  as  nearly  as  possible  parallel  to 
the  polishing  plate  E,  which  is  opposite. 

This  adjustment  is  made  by  means  of  rotations  about  the  two  rectangu- 
lar axes  F  and  G,  which  are  in  a  plane  normal  to  the  axis  of  the  polishing 
disc  H, 

The  first  grinding  is  done.  dry.  on  firm  coarse  linen  with  coarse  polish- 
ing paper,  and  then  on  finer  linen  with  finest,  washed  polishing  powder. 
Frequently  the  substance  then  has  perfect  polish;  otherwise  the  polishing 
is  continued  on  the  finest  linen  with  washed  chrome  oxide.  Between  the  • 
successive  operations  careful  cleaning  of  the  apparatus  and  dusting  of 
its  surroundings  are  necessary.  If  this  is  done,  any  substance  or  any 
hand  specimen  of  four  square  centimeters  in  size  can  be  ground  and 
polished  in  three  hours.  The  linen  and  the  polishing  agent  must  be  stored 
separately. 

A  motor  of  1-16  horse  power  is  adequate. 

The  motor  and  complete  grinding  apparatus  are  furnished  by  Fuess. 

PART  II, 

Objections  to  the  Method. 

[Under  this  heading  Konigsberger  states  that  the  disturbing  influence 
which  slight  changes  in  crystal  surfaces,  caused  by  striae,  cleavage  and 
twinning  planes,  have  on  the  reflecting  capacity  as  pointed  out  by  P. 
Drude  2  and  H.  du  Bois  '  can  be  overcome  entirely  by  perfecting  the  polish 
of  the  surfaces.] 

^Ann.  Ecole  Polyt.  Delft,  1887. 

*  Wied.  Vol.  XXXVI.  1889.  pp.  549.  886. 

•  Wied.  Ann.  Vol.  XL.VI.  1892,p.  542. 
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Uses  of  thb  Apparatos. 

The  partially  described  experiments  of  Ihe  following  pages  are  incom- 
plcle  and  can  only  indicate  the  special  fields  of  physics  and  mineralogr 
in  which  this  apparatus  may  be  useful.  The  direct  application  tmisl  bt  ith 
to  special  research. 

I.    Dbterminatios   or   Extinction    Ancles. 

The  determination  of  the  relation  of  optic  symmetry  lines  to  erystillo- 
graphic  lines  in  opaque  substances  ha*  heen  accomplished  hitherto  only  t^ 
the  theoretically  and  experimentally  difficult  method  of  Jamin.  With  the 
new  apparatus,  it  is  only  necessary  to  introduce  the  contrast  plate  and 
about  10-20  readings  are  taken  on  the  extinction  of  the  bands.  This  i:aii 
he  done  in  lo  minutes.  The  angle  between  the  line  of  extinction  and  thr 
crystal lographic  direction  is  determined  by  the  cross  hairs.  Ten  deter- 
minations on  a  cleavage  plate  of  stibnile  showed  coincidence  between  optic 
and  crystal  I o graphic  directions,  i.  e.,  an  angle  of  45"  for  the  extinction 
angle  of  the  bands,  with  an  error  of  ±  2o'  in  measurement. 

Observations  are  made  best  by  taking  two  readings  on  the  45°  position 
by  approaching  this  position  from  the  right  and  left  respectively,  Th« 
exactness  of  measurement  depends  on  the  strength  of  the  anisotropism. 
[birefringence],  Stibnite  has  a  moderate  birefringence  on  the  cleavag: 
surface,  Tliis  method  can  therefore  be  tised  in  determining  whether  1 
mineral  has  monodinic  or  orthorhombic  symmetry. 

II.    Det^mination  of  Anisotkopic  and  Isothofic  Minebais, 

In  the  case  of  anisotropic  substances  all  surfaces  fexcepling  a  surface 
perpendicular  to  an  optic  axis)  must  present  extinction  and  reappearance 
of  the  Savart  hands  on  rotation  of  the  stage.  The  delicacy  of  the  method 
enters  into  consideration.  With  the  contrast  plate,  differences  of  ^-i%  in 
reflecting  capacity  can  certainly  be  detected.  This  corresponds,  disregard- 
ing the  absorption,  to  a  double  refraction  of  0.6%  («  —  2.5,  mean  value 
for  ore).  For  transparent  substances,  as  is  well  known,  differences  of 
refraction  equal  lo  0.03  can  readily  be  detected  with  trans- 
mitted light,  crossed  nicols  and  thin  section,  and  any  desired 
cxaclnes.s  can  be  obtained  through  magnification  of  the  actual 
thickness  of  ilic  plate.  In  the  method  now  presented,  the  limit  of  exact- 
ness is  much  more  restricted,  i,  e,,  as  slated,  0,6%.  since  measurement  is 
independent  of  the  thickness  of  the  plate.  It  is  expected  therefore 
that  many  anisotropic  substances  will  be  mistaken  for  isotropic  minerals, 
however,  this  is  the  best  method  up  lo  date  for  anisotropic,  opaqne  sub- 
stances. Sometimes  a  substance  appears  isotropic  for  one  color,  hul  not 
for  others.  This  may  be  due  to  the  fact  that  the  anisotropic  characters 
for  11  and  irt  of  a  color  act  in  opposite  directions,  accidentally,  and  there- 
fore the  reflecting  capacity  which  is  the  resultant  of  both,  gives  the 
effect  cf  an  isotropic  mineral.  This  case  is  parallel  to  that  of  a  condiiioii 
present  in  some  rhombic  minerals  where  the  optic  angle  of  a  certain 
color  is  zero.  When  anisotropism  changes  sign  with  wave  length  change, 
apparent  isotropic  conditions  may  exist  in  white  light.  Substances,  whose 
crystals  present  a  clo^e  appro.nch  to  a  definite  symmetry   (as  molybdenite 
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and  graphite  to  hexagonal,  and  chalcopyrite  to  isometric)  also  present  in 
their  physical  properties  a  close  approach  to  the  system  simulated.  This 
method  will  therefore  not  be  decisive  in  certain  absorbing  substances^ 
since  small  differences  cannot  be  detected. 

However,  in  the  following  cases,  this  optic  investigation  will  be  con- 
clusive : 

1.  When  the  symmetry  is  reached  through  hidden  twinning  structure. 

2.  When  crystals  with  good  faces  cannot  be  obtained,  the  optic- 
investigation  affords  a  more  rapid  and  certain  method  for  determining 
anisotropism  and  isotropism,  than  the  study  of  any  other  physical  property. 

3.  When  crystallographic  measurements  make  it  advisable  to  accept 
several  values  for  the  axial  ratio,  as  well  as  several  positions  of  orienta- 
tion, a  comparative  study  of  the  magnitude  and  direction  of  anisotropic 
characters  of  related  crystals  may  determine  the  position  of  orientation, 
as  for  instance,  the  transparent  minerals  of  the  feldspar  group.  Obviously, 
the  optic  axes,  i.  e.,  the  directions  of  isotropic  reflection  in  biaxial  minerals, 
cannot  be  decisive. 

As  in  transparent  substances,  the  optic  symmetry  (the  principal  axes 
of  the  ellipsoid)  in  transparent  substances,  and  the  value  of  n  and  nk  in 
these  directions  are  conclusive.  The  optic  axes,  which  change  their  di- 
rections for  even  slight  changes  in  n,  are  not  decisive. 

A  special  case  is  presented  by  hematite  ore.  A  polished  surface  parallel 
to  the  direction  of  the  fibers  showed  anisotropism,  I^:  1^  =  0.82.  This 
holds  for  all  surfaces,  excepting  those  perpendicular  to  the  fibers.  Here 
the  pleochroic  reflection  is  a  result  of  structure,  like  the  illumination  of 
fibrous  minerals  in  transmitted  light  between  crossed  nicols.  In  general 
the  external  form  shows  whether  anisotropism  depends  on  crystal  sym- 
metry or  fibrous  structure.  Striation  of  surface  frequently  causes  aniso- 
tropic phenomena.  Therefore  such  surfaces  are  to  be  polished  very  care- 
fully. 

A  number  of  additional  results  are  added.  A  basal  cleavage  plate  of 
molybdenite  is  absolutely  isotropic;  similarly  hematite,  pyrite,  chromite, 
franklinite,  argentite  and  tetrahedrite  are  isotropic  The  isotropism  of 
graphite  parallel  to  the  base  is  not  entirely  certain.  Pyrrhotite  parallel 
to  the  base  from  Morrho  Velho  appeared  on  the  cleavage  surface  and  the 
polished  surface  to  be  composed  of  feebly  anisotropic  parts.  Glaucodot  Is 
only  feebly  anisotropic  normal  to  c  and  is  intergrown  with  a  strongly 
anisotropic,  light  yellow  mineral,  namely  chalcopyrite.  Chalcopyrite,  mela- 
nite,  boumonite  and  sartorite  are  anisotrepic.  Chalcocite  is  isotropic  on 
the  base.  Manganite  is  strongly  anisotropic,  and  columbite,  hematite  and 
ilmenite  are  quite  strongly  anisotropic. 

The  Investigation  op  Meteorites. 

[Konigsberger  outlines  the  application  of  his  methods  to  the  study  of 
meteorites.] 

Investigation  of  Intergrowths  and  Twin  Structures  of  Crystals. 

In  many  cases  this  method  can  be  used  in  determining  whether  an 
opaque  crystal  is  homogeneous  or  compound.    The  pyrite  of  Schauinsland 
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may  be  cited  as  an  illustration.     It  has  a  spherical,  botryoidal   structur^J 
present  in  moat  ore  sattiples  from  this  district.    They  have  mostly  t 
identified  as  pyrite   in  the   past.     The  polished   surfaces   show   under  the 
microscope  that  a  portion  and  generally  a  larRe  connected  portion  is  iso- 
tropic,  i,   e.,   it  is  pyrite.  while  certain   lath-shaped,   ray-like  portions  are 
Strongly  anisotropic,  and  are  therefore  marcasite. 

A  further  illusltation  is  afforded  by  magnesioferrite  from.  SlromboIL 
The  optical  investigation  shows  that  it  consists  of  a  feebly  reflecting  iso- 
tropic mass  (spinel)  and  a  powerfully  reflecting  mineral  (hematite) 
whose  orientation  varies.  In  marcasite,  the  complex  twin  structures  are 
evident  at  first  glance.  The  varied  orientation  of  the  individtiaU  ij 
especially  plain.  If  one  individual  has  been  compensated  with  the  aid 
ot  Ihe  rotating  glass  plate,  the  bands  are  all  the  more  distinct  in  adjacent 
individuals.  Several  marcasite  specimens  from  Lcitmerii^  are  homo- 
geneous. In  pyrolusile  famples,  the  varied  orientation  of  the  anisotropic 
needles  is  readily  discerned,  A  pseudomorph  after  hematite  frotn  Braiil 
proved  to  be  isotropic 

Investigatton  of  Ore  Samples. 


The  optic  study  of  ore  samples  is  similar  to  the  study  of  thin  rock 
sections  although  much  less  accurate.  The  first  step  is  the  distinction  be- 
tween isotropic  and  anisotrc^ie  ores.  For  anisotropic  ores  the  relation  of 
Ihe  directions  of  least  and  greatest  reflecting  capacity  lo  crystal  edges  or 
to  cleavage  lines  must  be  determined.  The  latter  and  the  shape  of  the 
sections  permit  the  classification  into  tetragonal,  hexagonal,  orthorhombic. 
monoclinic  or  triclinic  ores. 

A  simple  test  for  uniaxial  and  biaxial  minerals  seems  impossible  at 
present  since  parallel  light  must  be  employed. '  On  the  other  band. 
the  magnitude  of  the  anisotropic  reflection  for  individual  min- 
erals is  a  characteristic  parameter.  The  thickness  of  the  plate  is  no 
factor  as  in  transparent  minerals  in  transmitted  light.  However,  the 
crystallographic  position  of  the  ground  surface  must  be  known,  as  in  the 
case  of  thin  sections.  The  methods  of  determining  this  crystallographic 
position  are  the  same  as  in  the  investigation  of  thin  sections;  namely,  the 
character  of  the  bounding  lines  of  the  surface,  and  the  direction  ol 
cleavage.  The  stati.slical  method  of  Michel  I-evy  can  also  take  the  place 
of  a  knowledge  of  crystallographic  position  of  the  surface.  In  order  to 
apply  such  methods  it  would  be  necessary  to  measure  the  difference  in 
reflecting  capacity  for  a  certain  color  in  the  orincipal  directions  of  the 
most  important  ores,  a  task  which  is  not  within  the  author's  power.  It 
is  merely  suggested  that  tor  sodium  light  R-  '  R  ,  for  hematite  =;  0.881. 
B^  is  the  reflection  of  the  ordinary  ray.  i.  e.,  for  vibrations  of  the  electric 
(Fresnel)  vector  normal  to  the  axis  c.  R^  is  the  reflection  of  the 
extraordinary  ray.  For  a  cleavage  plate  of  stibnite  R,:  R^  =0,893  (R, 
—  reflection  for  vibrations  of  the  electric  vector  parallel  to  the  o  axis). 
Some  qualitative  determinations  were  begun  on  other  crystals. 

Several  ore  samples  were  investigated  in  this  manner,  for  instance,  one 

■  Phenomena  similar  to  the  interference  flproB,  would  l>e  observable  only 
In  case  the  loss  of  pliase  could  be  made  visible  and  measurable.  Eicperiments 
show  that  (his  Is  readily  possible,  but  this  anlsotroplsm  la  very  smalt. 
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from  Tieftal  bei  Amsteg  in  which  the  tennantite  is  readily  distinguished 
from  associated  orthorhombic  minerals,  which  are  similar  in  appearance, 
"by  its  isotropic  nature. 

Ore  samples  from  the  Alps,  which  had  been  under  dynamic  conditions 
showed  anomalies  at  times,  for  example,  squeezed  galena  from  Inschialp 
was  slightly  anisotropic,  whereas  galena  from  other  localities  is  isotropic 

Appucation  to  Metallography. 

[The  application  of  the  new  methods  to  metallographic  problems  re- 
lating to  the  constitution  of  alloys,  optical  relations  of  isomorphous  series, 
strains  and  heterogeneity  in  castings,  and  the  optical  properties  of  elec- 
trolytically  deposited  metals,  is  discussed  by  Konigsberger,  and  most  fruit- 
ful results  are  anticipated.] 


Boricky  nitthodi.  Use  of  hydroHuosUicic  acid.  The  simplesi  process 
for  the  qualitative  determination  of  the  alkaline  and  earthy  alkaline  elt- 
s  and  the  iron  of  a  given  mineral  is  that  devised  by  Boricky  by  the 
use  of  hydrofluosilicic  acid.  Fur  this  purpose  a  minute  piece  of  tlie  auti' 
eral,  not  larger  than  the  eye  of  a  common  needle,  and  as  small  as  can 
conveniently  be  manipulated  with  the  point  of  a  needle,  is  placed  on  the 
surface  of  a  film  of  hard  Canada  balsam  covering  securely  a  part  of  the 
surface  of  an  object-glass.  This  small  piece  is  then  gently  covered 
with  a  small  drop  of  the  acid  from  the  point  of  a  platinum  rod.  The  prq>- 
[)  allowed  to  evaporate  entirely,  and  the  surface  of  the  bal- 
ith  an  objective  which  has  a  magnifying  power  of 
about  400  diameters.  It  will  be  found  lo  be  sprinkled  over,  especially 
about  the  edge  of  the  desiccated  area,  with  minute  crystallites  having  per- 
fect forms  and  polarir.ing  and  extinguishing  on  rotation  between  crossed 
Nicola  according  to  the  systems  to  which  they  belong.  These  arc  fluo- 
silicates  of  the  bases  present  in  the  mineral.  Compounds  of  sulphur, 
selenitmi,  tellurium,  arsenic  and  antimony  are  more  or  less  aflected  by  the 
same  acid. 

In  order  lo  hasten  the  drying  of  the  drop  lying  on  the  balsam  Gicn. 
which  ordinarily  will  require  several  hours,  the  preparation  may  be  placed 
in  a  desiccator,  over  a  quantity  of  sulphuric  acid,  and  enclosed  in  the 
reservoir  by  the  cover  of  ihc  desiccator  which  will  protect  it  from  dusi 
and  confine  the  fumes  of  the  sulphuric  acid. 

The  reagent  must  be  absolutely  pure,  a  drop  evaporated  on  a  film  of 
Canada  balsam  leaving  no  visible  residue,  and  it  must  be  kept  in  a  small 
platinum  jug.  lis  strength  should  be  about  3'/i  per  cent.  The  prepara- 
tion after  drying  can  be  covered  with  liquid  Canada  balsam  and  a  thin 
glass,  and  preserved  indefinitely. 

The  Huosilicates  are  identified  by  their  forms.  Those  of  poiassjum, 
catsium  and  rubidium  belong  to  the  isometric  system.  Those  of  sodium, 
magnesium  and  iron  to  the  hexagonal  system,  and  those  of  lithium,  cal- 
cium and  strontium  to  the  monoclinic. 

The  fluosilicates  of  potassium,  sodium,  magnesium  and  calcium  can 
be  distinguished  at  a  glance.  The  micro-crystals  of  the  fluosilicate  of 
lithium  are  so  peculiar  as  to  be  easily  identified;  but  those  of  strontium 
appear  much  like  those  of  calcium  and  are  also  easily  confounded  with 
those  of  magnesium,  or  with  those  of  iron  and  manganese. 

Plates  I  and  11,  from  Boricky's  work,  show  the  forms  of  these  fluosili- 
cates when  examined  under  the  microscope. 

The  same  kind  of  tests  can  be  made  on  a  thin  rock  section.  If  the 
section  has  already  been  mounted  on  a  microscopic  slide,  it  must  be 
uncovered  and  freed  from  any  remaining  Canada  balsam.    The  drop  of 
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the  acid  is  then  to  be  applied  carefully  to  the  mineral  grain  which  it 
is  desired  to  test  for  the  alkalies  or  alkaline  earths. 

A  platinum  foil  pierced  with  a  needle,  may  be  so  cemented  on  an 
uncovered  thin  rock  section  that  the  hole  will  expose  to  the  action  of 
the  acid  only  the  grain  over  which  it  is  placed.  Or,  a  thin  glass  cover 
may  be  pierced  by  covering  it  with  Canada  balsam,  and,  after  cleaning 
off  the  balsam  over  a  small  area  with  a  needle,  covering  the  spot  with 
a  drop  of  hydrofluoric  acid. 

To  distinguish  Auosilicate  of  calcium  from  AuosUicate  of  strontiums. 
Dilute  a  few  drops  of  pure  concentrated  sulphuric  acid  with  an  equal 
amount  of  water,  and  apply  the  diluted  acid  to  the  crystallites  in  questioa 
The  calcium  crystals,  after  a  few  seconds,  are  surrounded  by  colorless 
needles  of  monoclinic  gypsum,  while  those  of  strontium  are  slowly  dis- 
solved, presenting  a  few  short  orthorhombic  needles  of  celestite. 

To  distinguish  Auosilicates  of  magnesium,  iron  and  manganese.  This 
is  done  by  means  of  chlorine  gas,  which  is  developed  in  a  suitable  glass 
vessel  by  the  moistening  with  muriatic  acid,  of  a  small  quantity  of  finely 
X>owdered  manganese  dioxide  and  applying  to  the  bottom  of  the  vessel  a 
gentle  heat  over  a  spirit  lamp.  The  specimens  to  be  examined  are  sup- 
ported in  the  center  of  the  glass  vessel  by  a  porcelain  frame  so  as  to 
l)e  envelc^ed  by  the  gas.  The  gentle  heating  should  continue  about  five 
minutes,  with  a  rapid  generation  of  chlorine  gas.  The  vessel  can  be 
covered  tightly  by  a  glass  plate  over  the  lower  side  of  which  has  been 
placed  a  layer  of  grease  or  wax  in  order  to  cement  it  to  the  rim  of  the 
vessel.  After  the  heating  the  vessel  should  stand  about  twenty-four  hours, 
and  the  heating  may  be  repeated  if  necessary. 

The  object-glass  carrying  the  specimens  acted  on  may  then  be  re- 
moved and  placed  in  a  drying  dish  for  desiccation,  when  the  characteristic 
crystalline  forms  will  appear.  They  should,  however,  be  immediately  en- 
closed in  Canada  balsam  and  protected  by  a  cover-glass. 

It  will  be  seen,  on  examining  the  slide,  which  may  have  carried  the 
fluosilicates  of  iron,  magnesia  and  manganese,  that  those  of  iron  have 
taken  an  intense  citron-yellow  color,  while  those  of  magnesium  and  man- 
ganese remain  almost  colorless.  Those  of  magnesium  show  a  faint  gray 
and  are  rounded  a  little  at  the  comers;  those  of  manganese  show  some 
tint  of  red  and  have  suffered  more  or  less  dissolution  into  little  prisms, 
tablets  and  grains. 

The  same  distinctions  between  the  fiuosilicates  of  iron,  magnesium  and 
manganese  may  be  effected  by  the  application  of  sulphide  of  ammonium 
gas,  without  the  application  of  heat.  The  specimen  (or  the  object-glass 
carrying  the  crystallites)  may  be  enclosed  in  a  glass  vessel  and  covered 
therein  by  a  glass  cover,  or  simply  exposed  over  the  opening  of  a  flask 
filled  with  pure  sulphide  of  ammonium.  In  either  case  the  fluosilicate  of 
iron  has  become  blackish-gray,  that  of  magnesium  grayish- white,  and  that 
of  manganese  a  peculiar  reddish-gray  and  sometimes  disintegrated  to  n 
granular  mass. 

To  distinguish  lithia  mica,  lithia^ron  mica  and  potassium  mica.  It 
these  micas  be  treated  with  hydrofiuosilicic  acid  the  first  mentioned  will 
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afford  tiny  six-sided  pyramids,  sometimes  distorted  by  the  abnormal  de- 
velopment of  two  planes,  the  second  shows  the  same,  but  accofiii>anied  by 
fluosilicate  crystals  of  iron,  and  the  third  will  give  only  hexahedral  crys- 
tals characteristic  of  potassium. 

A  few  minerals,  such  as  barite,  celestite,  rutile,  corundum  and  quartz, 
are  not  at  all  affected  by  the  three  per  cent  solution  of  hydrofluosilicic 
acid,  while  tourmaline,  spinel  in  thin  section,  sphalerite  and  pyrite  in 
fragments,  are  decomposed  by  it. 

The  sesquioxides  of  aluminum  and  iron  and  of  some  other  substances 
are  entirely  converted  into  fiuosilicates,  but  they  do  not  show  themselves 
in  crystal  forms. 

Use  of  hydrofluoric  acid  gas.  This  process  also  produces  fiuosilicates 
in  the  form  of  minute  crystals  which  do  not  differ  essentially  from  those 
already  described.  A  small  quantity  of  the  gas  is  generated  in  a  small 
platinum  crucible  on  the  bottom  of  which  is  scattered  about  half  a  gram 
of  finely  powdered  fluoride  of  barium,  with  which  is  also  mixed  some 
powdered  barium  sulphate.  Chemically  pure  concentrated  sulphuric  acid 
is  then  poured  into  the  crucible  sufficient  to  cover  the  fluoride  of  barium. 
The  assay  pieces  of  the  mineral  under  examination  are  to  be  supported 
on  a  perforated  platinum  plate  which  is  also  supported  on  a  platinum 
wire  frame,  rising  from  the  bottom  of  the  little  crucible.  The  gas  which 
is  liberated  from  barium  fluoride  by  the  attack  of  the  sulphuric  acid  is 
to  be  confined  in  the  crucible  by  a  platinum  cover  which  has  been  pre- 
viously covered  on  the  lower  side  by  a  film  of  wax.  In  order  to 
make  it  tight  upon  the  crucible  this  cover  is  slightly  heated  and  placed 
on  the  crucible  while  the  wax  is  soft.  It  should  be  retained'  in  place  by 
a  small  weight,  and  the  whole  apparatus,  set  aside  for  about  24  hours, 
may  be  covered  with  a  glass  tumbler. 

The  specimen  acted  upon  by  the  hydrofluoric  acid  gas  is  then  to  be 
placed  in  a  perfectly  clean  platinum  dish  and  the  dish  is  to  be  filled  with 
chemically  pure  water.  The  water  is  to  be  boiled  over  a  spirit  lamp  in 
order  to  dissolve  the  fiuosilicates  that  may  have  been  formed,  the  residue 
of  the  specimen  removed  with  perfectly  clean  pincers,  and  the  water  slowly 
evaporated  to  a  drop  which  is  placed  upon  the  hard  balsam  surface  of  an 
object  glass  ^o  dry,  in  a  place  free  from  dust.  When  thoroughly  dry  the 
small  crystals  of  the  fluosilicates,  formed  in  the  process  of  desiccation, 
can  be  examined  with  the  microscope. 

The  specimen  which  was  boiled  In  water  may  be  further  examined. 
It  may  be  gently  immersed  in  a  drop  of  sulphuric  acid  and  covered  with 
a  thin  glass.  It  is  to  be  observed  whether  in. this  process,  or  even  when 
carefully  heated  over  a  spirit  lamp,  any  g^s  bubbles  appear.  If  none  ap- 
pear then  the  specimen  boiled  in  water  (if  a  feldspar)  contains  no  re- 
maining metallic  fluorides,  and  the  species  orthoclase  or  microcline  is  in- 
dicated. 

If,  however,  the  boiled  specimen  effervesces,  even  slightly,  in  the  sul- 
phuric acid,  the  species  pertains  to  the  plagioclase  group,  the  rapidity  of 
the  evolution  of  gas  and  its  continuance  indicating  the  proportionate 
amount  of  lime  contained  in  the  original  specimen.  Instead  of  efferves- 
cence, however,  anorthite  shows  a  slow  but  strong  development  of  large 
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bubbles  of  gas.    The  greater  the  amount  of  soda  in  the  original  feldspar, 
the  more  energetic  the  effervescence. 

Behrens'  tnethod.  The  processes  devised  by  Behrens  are  more  com- 
plicated and  require  delicate  manipulation.  The  operation  is  performed 
on  about  half  a  milligram  of  the  pulverized  substance.  To  this  is  applied 
two  or  three  centigrams  of  hydrofluoric  acid,  pure  and  fuming.  The  flu- 
orides thus  formed  are  dried,  and  then  rcdissolved  in  dilute  sulphuric 
acid.  This  solution  is  evaporated  by  heating  until  the  appearance  of  white 
vapor  fumes  of  sulphuric  acid.  If  the  evaporation  is  not  continued  too 
far  the  acid  serves  to  retard  the  too  rapid  evaporation  of  the  drops  in 
which  the  different  leactions  are  to  be  performed. 

To  the  sulphate  liquid  add  an  excess  of  water,  and  then  on  a  platinum 
foil  evaporate  until  the  volume  of  the  sulphate  solution  is  about  one  centi- 
gram for  each  milligram  of  substance  attacked. 

Calcium.  It  the  sulphate  contains  calcium,  on  placing  a  drop  of  the 
liquid  on  an  object-glass  and  allowing  it  to  dry  small  crystals  of  gypsum 
will  appear.  They  may  be  twinned  or  single,  and  sometimes  in  rosettes,  as 
illustrated  by  figure  i   below.    They  measure  in  larger  dimension  about 


Fig.   1.   Sulphate  of  lime   (gypsum).   After  L6vy 

and  Laoroix. 

0.6  mm.  and  can  be  examined  with  an  objective  that  magnifies  about  150 
diameters. 

Potassium.  To  a  Jrop  of  the  sulphate  liquid  add,  by  means  of  a  plati- 
num thread,  a  small  drop  of  platinum  chloride.  After  several  minutes, 
if  the  liquid  contains  potassium,  octahedrons  (dodecahedrons  or  cubes, 
less  frequent)  of  the  double  chloride  of  platinum  and  potassium  begin  to 
appear  about  the  periphery.  Alcohol  hastens  their  development  ITiey 
are  bright  yellow,  isotropic,  and  very  characteristic,  sometimes  twinned  in 
threes  or  fours  (fig.  2),  and  have  strong  refraction. 


O  ^  ^ 
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Fig.   2.   Potassium  platlnic  chloride.   After  L€vy 

and  Lacroix,  and  from  the  American 

Geologist.  Vol.  XXVI.  Plate  XVin. 


Soditim.  If  a  drop  of  the  acid  sulphate  liquid  contain  sodium  it  can  be 
shown  by  adding  a  drop  of  sulphate  of  cerium.  The  latter  is  to  be  placed 
al  about  5  millinieters  from  the  drop  of  the  sulphate  liquid,  and  the  two 
are  to  be  brought  together  through  a  capillary  glass  lube  which  will  unite 
Ihern.  In  the  cerium  sulphate  drop  will  spring  up  little  clusters  of  brown 
crystals  of  the  double  sulphate  of  cerium  and  sodium  visible  when  mag- 
nilied  about  600  diameters.  If  the  original  liquid  contain  also  potassium 
the  double  sulphate  of  that  alkali  forms  larger  grains,  from  O.05  to  O.06 
nini.  in  diameter,  al  the  center  of  the  other  dusters.  These  are  grayish. 
It  the  liquid  contain  a  large  cxcesa  of  sulphuric  acid  it  gives  rise  to  large 
radiating  rosettes  of  acid  sulphate  of  cerium  which  obscure  the  reaction 
sought. 

Barium  and  stronlium.  These  are  precipitated  with  the  calcium  by 
drying  Ihe  liquid.  When  heated  with  concentrated  sulphuric  acid  they  arc 
dissolved.  Then  by  cooling  and  the  addition  of  water  Ihcy  recryslallize 
in  the  form  of  spindles  crossing  at  right  angles.  The  twins  of  sulphate 
of  barium  have  dimension  of  0,05  to  o.oia  mm.    Those  of  strontium  reach 

The  ini-onvenience  of  this  process  is  that  the  sulphate  of  lime  ac- 
companies the  other  sulphates  during  all  the  manipulation.  It  is  pre- 
cipitated more  slowly  than  they,  and  they  can  be  seen  to  appear  in  suc- 
cession thus:  sulphate  of  barium,  then  o!  strontium,  and  finally  that  of 

MagHtsium.  Place  a  drop  of  the  sulphate  liquid  near  a  drop  of  water 
containing  salt  of  phosphorus  and  unite  them  with  a  capillary  glass  thread. 
If  the  solution  contains  n^ore  than  i  per  cent,  of  magnesium  there  arc  de- 
veloped forms  forked  in  opposite  directions  of  the  si^e  of  0.6  mm.  in 
length.  If  the  liquid  is  more  dilute  it  gives  rise  to  beautiful  orlhorhombic 
hemimorphic  crystals  which  resemble  the  roof  of  a  house. 

Iron  and  manganese  phosphates  give  ihe  same  crystals,  but  they  may 
be  separated  by  previous  addition  of  ani 
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fully  expel  any 
end  of  a  platinum  thread  prei 
is  only  necessary  to  touch  thi 
cKsium   alum  arise.     They   ai 
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lore  slowly. 
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chloride.  From  the  sulphate  solution  care- 
f  the  acid.  Into  a  drop  of  the  solution  place  the 
jsly  dipped  in  melted  cxsium  chloride.  It 
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mination  of  sulphur,  phosphorus,  chlorine,  fluorine,  silica,  and  boron.  For 
these  the  student  is  referred  to  Judd's  translation,  published  by  Macmillan 
in  1894.  But  Behrens'  latest  work  (Mikrochemische  Technik,  1900)  is 
available  only  in  the  original. 

Some  Special  Tests, 

Optical  methods  of  determining  minerals  are  now  so  numerous  and 
exact  that  it  is  only  rarely  necessary  to  have  recourse  to  these  micro- 
chemical  methods.  But  in  certain  cases  the  latter  became  important.  The 
following  will  serve  as  illustrations: 

Analcite  may  be  distinguished  from  opal  and  leucite  by  its  gelatiniza- 
tion  with  acids.  The  gelatinous  silica  thus  produced  is  not  readily  recog- 
nized microscopically,  but  it  may  be  rendered  very  distinct  by  staining. 
This  is  accomplished  by  gently  washing  off  the  attacking  acid  without 
disturbing  the  silica  formed,  then  applying  some  staining  liquid,  as  an 
aniline  color,  allowing  to  stand,  and  gently  washing  off  the  excess  stain- 
ing liquid. 

Calcite  may  be  distinguished  from  dolomite  and'magnesite  by  tests  re- 
vealing the  relative  amounts  of  calcium  and  magnesium  present  according 
to  the  methods  already  described,  and  also  by  noting  the  different  effects 
when  treated  by  acids.  Thus,  calcite  dissolves  in  acetic  acid  with  Aun- 
dant  evolution  of  carbon  dioxide,  while  dolomite  is  attacked  very  slowly, 
and  magnesite  not  at  all.  This  difference  may  be  increased  by  adding 
ammonium  phosphate  to  the  reagent  used.  Linck^  has  suggested  that  the 
proportion  of  phosphate  to  acetic  acid  to  water  be  2  : 3  :  10.  In  this  case, 
if  the  carbonate  contains  as  much  as  10  or  15  per  cent,  of  MgCOg,  the 
magnesium  phosphate  precipitated  on  the  surface  will  soon  stop  the  attack 
by  the  acid  altogether.  Magnesite  is  not  attacked  even  by  cold  hydro- 
chloric acid.  Siderite  is  difficultly  distinguishable  from  calcite  by  optical 
methods.  It  is  acted  upon  slowly  by  cold  acids;  rapidly  by  hot  hydro- 
chloric acid.  The  iron  may  be  made  manifest  by  adding  to  the  solution 
potassium  ferricyanide  which  gives  a  deep  blue  color.  Or,  if  ammonium 
sulphide  be  added,  a  black  precipitate  is  produced.  The  process  may  be 
simplified  by  atttacking  the  carbonate  with  acid  already  containing  the 
precipitating  reagent. 

Sodalite  may  be  distinguished  from  other  similar  minerals  by  attacking 
the  surface  with  very  dilute  nitric  acid  containing  a  little  silver  nitrate. 
Sodalite  is  readily  attacked,  yielding  gelatinous  silica  and  chlorine,  which 
produces  with  the  silver  a  cloudy  precipitate  of  silver  chloride  in  the 
silica.  Haijynite  may  be  distinguished  from  sodalite  by  attacking  the  min- 
eral with  hydrochloric  acid,  and  evaporating  to  dryness,  when  calcium 
sulphate  (gypsum)  crystals  will  form  in  the  gelatinous  silica.  Noselite 
may  be  distinguished  from  sodalite  by  attacking  the  mineral  with  hydro- 
fluoric acid  containing  a  little  barium  chloride;  the  barium  sulphate  crys- 
tals formed  reveal  the  presence  of  sulphur  in  the  mineral  attacked. 

Talc  may  be  distinguished  from  muscovite  by  igniting  the  mineral  with 
cobalt  nitrate  which  imparts  a  pink  color  to  the  talc. 

Graphite  (and  carbonaceous  matter^  may  be  distinguished  from  other 
opaque  black  minerals  by  heating  the  section  to  redness,  when  the  carbon 
will  go  off  as  the  oxide. 


>  Inauff.  Dissert.  Strassburg.  1884. 


EXPLANATION    OF   PLATES. 
PLATE  I. 


Fluosilicatc  of  potassium,  X  4P0'.  ('>  m.  n.  r.  produced  by  h 

fluoric  acid  gas ;  s.  t  are  crystals  formed  by  recrystallu 

of  tluosilicatc  of  ammoniitm. 
Fluosilicatc  of  pota^ium,  X  400;  produced  by  hydrofluoric  t 

gas;  from  amazouite. 
Fluosilicate  of  lithium,  X^oo;  recrystalliied  on  the  object-s 
Fluosilicatc  of  sodium,  X  *>o;  produced  by  hydrofluofii:  i 

gas :  from  alUle. 
Fluosilicate  of  calcium,  XtSO. 
Fltiosilicaie  of  calcium,  X  300. 
Fluosilicates  of  sodium  and  of  calcium,  X  3oa 
Fluosilicales  of  sodium  and  calcium,  X  30a 
Fluosilicate  of  strontium,   Xscio,  by  reciystallization 

object-glass. 
Fluosilicate  of  magnesium,  X  Soo;  from  chondrodite:. 
Fluosilicate  of  magnesium,  X400;  from  humite. 
Fluosilicate  of  magnesiimi,  X-foo:  from  magiiesit«. 
Rare  crystals,  probably  of  calcium,  X  400;  from  corsit 
Fluosilicate   of   barium,   and   branching   forms   of   flnosilicatc  j 

calcium,  X400:  brought  out  only  by  breathing  upon  tlu 

trcalment   with   liydrofluosificic  acid ;   from   ivitherite. 
Fluosilicate  of  iron,  X  400;  by  recrystallization  upon  the  Ofaj^l 


glass 


Fluosilicate  of  pot; 
preserving  the  latti 


3  thin 


1  of  a 


X4«>; 

tructure  of  the 
of  sodium    and   a    few   spindle    forms    of   the    ! 
of  calciiim,  X400;  from  oligoclase. 
Fluosilicate  of  sodium   (in  bubbles)   and  of  calcium   (in  lentkn 

lar   forms)    X  400;   from   labradoril 
Fluosilicates  of  sodium  and  calcium,  X400;  from  lalvtdorite^ 
Fluosilicates  of  sodium  and  calcium,  X400:  from  ■iiortlnteL,|J^ 

PLATE  ir. 
Fluosilicate   of   sodium,    X  4W.   and    wedge-shaped   etchings^   1 

albite, 
Fluosilicates  of  potassium  and  sodium,  and  a  single  rod  of  c 

cium.  X400;  from  leucite. 
Fluosilicates  of  sodium  and   potassium.   X400:   from   elxolitCk  1 
Fluosilicates  of  calcium  and  sodium,   X  400 ;   from  scapolitt 
Left  half.     Fluosilicates  of  lithium,  pota.Mium.  iron  and  caJciiu 

X  400 ;  from  lithia  mica. 
Riglit  half.     Fluosilicalps  of  potassium,  sodium,  and  ire 
from  potassium  mica. 
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,  magnesium,  aiid  irakiiim,  X  4(x>:  I 
calcium,  and  sodium,  X 
and    iron.    X400; 
X  400 :  from  broniile. 


Fig.    6.    Fluosilicaics  of  potassiu 

biotite. 
Fi£.    7.    Fluosilicates  of  magnesium, 

from  amphibolc. 
Hg.    8     Fluosilicates    of   calcium,    inagntiiui 

diallage. 
Fig.    g.    Floosilicales  of  magne.sium  and  iron. 
Fig,  10.     Fluosilicate  of  magnesium.  X  400;  from  dichroilr. 
Fig.  11,     Fluosilicaie  <A  magnesium  and  iron,  X  4001  from  olivine. 
Fig.  12.    Fluosilicates    of   magnesium    (X  30o)    and    iron    (X  fioo-8M>n 

from  olivine. 
Fig.  13.     Section    of    chiastolite.    IcX  200-400;    no    distind    crysuHitei 

bars  and  spots  arranged  according  to  the  s 
Fig.  14.  Elchings  on  lilhia  iron  mica,  after  boiling  in 
Fig.  15,    Giioride  of  sodium ;  long,  wrinkled  etchings  and  two  cleavti 

clefts :  from  elffoHte. 
Fig.  16.    Fluosilicate  of  calcium  (after  boiling  in  water)  and  small  lioi 

gonal  crystals  of  apatite.  X^oo;  from  apatite,  cut  ||  base. 
Fig.  I?.     Etchings  on  section  of  apatite,  eut  [|  prism  face,  boiled   in 

regia.  and  prominent  edges  of  pyramidal  crystals,  X  600. 
Fig.  18.    Section  of  apatite,  cut  ||  base,  treated  with  chlorine  ga?.  X4 

dark  needles  probably   remnants   of  the  edges   of  the   1 

most   stratum   of   subindividual   erystals.   with    long   adhere 

bubbles  of  air;  amongst  these  are  faint  outlines  of  the  j 

dividual  crystals  of  the  next  lower  s 
Figs.  19  and  zo.    Sections  of  apatite,  cut   ||  base  treated,  with  chlorii 

gas,    X400:    shows    the   internal   structure  of   apatite,    1 

up    of   subindividual    crystals    of    apatite    mainlv    parallel    to 

the  axis. 
Of  the  foregoing  the  following  were  treated  with  hydrofluoric  acid  gas: 
Plate    !.    Figs.  i.  2,  i.  4.  5,  6.  7.  8.  9.  >S.  and  plate  II.  fig.  14. 

The  following  were  treated  with  hydrofluo silicic  acid; 
Plate      I.     Figs,   ir,   12.   13,   14,  16.   17,   18.  19.  ao.  and  plate  11.  figs     I.  3, 

3,  4.  5.  6,  7,  8,  9,  10,  II,  12,  13,  16. 
The  following  was  treated  with  both  hydrofluoric  acid  gas  and  hydro-a 

fluosilicic  acid : 
Plate     I.    Fig.  10. 

The  following  were  treated  with  chlorine  gas; 
Plate  11.    Figs    i;.  18,  19,  ao. 

And  one  was  treated  with  aqua  rtgia,  viz.,  plate  11,  fig.  ; 
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Boricky  Mtcro-chemlcAl  method. 


J-DlRua:    Si9_  rf  lii-»l«r.  Bo  Tak.  *^ 
A.  1.  lUr.  E.  T.  Aucv.  amd  J.  P.  Iwaz    llx  I: 

•  A.  Do  CuakAVx:    M»a*l  ^  IGMnkcie.  x  ««L  Fan.  taSm-tSn.  StmM 
alMi  A»m.  Mmt*.  XL  OS-  ^L  XIV.  tM^  ]»  VL  iK*.  5S7.  u<   '^ 
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VL  itti.  tgr.  xvn.  liM  ^^s.  xvm.  ii^  >6r. 
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»  F.  Acgtrt  ct  A.    Micac    Urr:    U  SjmWjc   <lef   HiiKnax   «t    da 
EMtea.  P«ri«.  iSSi. 
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'    C  Hnmtz:    Handbocfa  dcr  MinmlacM:  >  ml  Lapd^  I88|^-~.    (Not  yet 
comtJcu}. 

E.  Hcsiak:    The  DMcnnioitMB  of  Rocfc-loniBng  Uiaenb.    TnnUaled 

by  E  1^    Sumi.  Ke»   York.  189J. 
J.  P.  Inwscs:     Bock  Minerals.  Sew  York.  igoS. 
A.  JoHA.tKscr:    Determi nation  of  Rodc-formlng  Minerals.  New  York. 

1906, 
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Kry^lallbeslimmung.    Wiesbaden.    iSgB.    Also   Tabellen   zur   mikroskop- 

ische   B«Mimmung.     \Vie?;baden.   IQOO. 
A.   Lacsoix  :   L«s   Enclaves   des   Roches   Votcaniqaes.  Uacon.   189J. 
■  A.  Lacsoiji  :    La  Minetalogie  de  la  France.  4  vol.  Paris.  1893 — -    (Not  yet 

complete^. 
A.  Lacimx  et  A.  Michel  Lfew:    Lithologie  Microscopique.  Carte  Geol 

de  France.  Tome.  II.  Bull.  11,  Paris.  1890. 
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conbtnt  iof  *ivC£iKn*^  1 

tbe  mve  Incihi.  tW  i^laiiiii,  aad  ibc  phnrw  at  the  oosiMl  wstm. 

The  rodtaat  wave  is  rea£^  conangiri  for  ngr  anple  caae^ 

If  Ac  tM)  wsio  kM«  the  MM*:  ««Te  lastb  sad  Ube  tame  plase  wilk 
iMffrriHg  niifKfjii  tbc  rcnAm  «a*e  w3t  bve  an  anpEtode  eqnl  to 
Ae  MM  B<  Ihe  aM^CnJei  of  the  wi  b»1  yyta.  u  to  fig.  i.  {Seepts" 
4BB). 

If  Ac  tm  «na  k>«c  the  mnr  w«tc  itatpk  and  ame  wqpfitode  boJ 
Alltr  m  yhaa  br  InU  »  n*^  kaph  tfce  rcaahmt  wan  vtQ  dis^fpcar 
nocc  il>  in^litndc  will  be  the  differenoc  of  tlic  aa^litiMles  of  ibc  com- 
ponent wava.  or  leia  u  in  Sg.  2. 

If  the  tm  waru  have  the  ame  invtende  aad  i&IIefCBt  h«tc  tengthi 
the  difftrcnce  of  phaM  vil!  raiy  along  lite  (nth,  and  the  reanlisai  wave 
may  be  illastialnl  by  fig.  3^  Thii  orybtiw  the  JftdiwindnCM  of  ioter- 
ferencc  cckirs  of  the  h^her  enters 

If  the  two  wares  hare  the  same  ware  lengtii.  imeqial  amplitodea,  and 
a  phase  difTercoee  of  ooe-half  wave  Ieii(th,  the  resoliant  wave  will  have 
an  aDipUtadc  eqnal  to  tbe  difference  {or  algebraic  sam)  of  the  ampiitodcs 
of  the  cfopaoeM  wares,  as  ia  fig.  4. 

If  tbe  two  waTCS  have  the  ame  wave  leagtli  and  ttM  saiae  unplitiMlet 
with  a  pbiic  difference  cf  cn>e  eii^tli  or  one  qaarler  of  a  ware  Imgih, 
the  resultant  ware  wiB  have  an  amtililude  equal  to  the  algebTstc  sum  of 
the  amplitiidef  of  '.he  cxriponem  wavf?.  a?  m  fiE=    ?  :3ir^  6. 

Put  in  5till  more  general  form,  the  wave  resuliing  from  the  combina- 
tion (or  'Interference'"!  of  any  two  waves  may  be  found  by  drawing  each 
with  it?  proper  wave  length,  amplitude,  and  phase,  and  constracting  the 
resultant  wave  from  the  points  determined  by  taking  the  algebraic  sum  of 
the  corresponding  ordinates  of  the  component  waves  at  different  points 
along  the  paih.  as  in  fig.  7-  The  construction  and  form  of  the  resultant 
wave  become  more  complicated  with  more  than  two  component  waves. 
Hence  the  wave  of  white  light  is  extremely  complicated,  since  it  is  com- 
posed of  waves  of  a  great  variety  of  wave  lengths.  This  complex  form 
of  wave  is  present  in  all  our  ordinary  light,  including  that  derived  from 
the  stm. 


Sign  of  ELO^"c.^TIo^^  The  sign  of  elongation  of  a  uniaxial  mineral  is 
usually  the  same  as  the  sign  of  the  mineral,  (since  it  is  usually  elongated 
parallel  wilh  ihe  vertical  axis).  But  in  some  rare  cases  (for  example; 
basal  plates  of  hematite  and  of  apophylUte)  the  elongation  is  in  all  direc- 
tions normal  to  the  vertical  axis,  in  which  case  the  sign  of  the  elongation 
is  the  reverse  of  the  sign  of  the  mineral.  In  general,  in  uniaxial  crys- 
tals the  sign  of  the  elongation  depends  upon  which  axis  of  ether  vibra- 
tion is  parallel  with  the  direction  of  elongation,  being  positive  when  Z  U 
parallel  with  the  elongation  and  negative  when  X  is  parallel  thereto. 

The  sign  of  elongation  of  biaxial  minerals  may  be  +,  ±,  or  — ,  de- 
pending upon  whether  Z,  or  Y,  or  X  is  nearest  to  the  axis  of  elongatioti. 
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The  sign  of  elongation  is  positive  when  Z  is  nearest  to  (or  coinddes 
with)  the  axis  of  elongation.  When  a  mineral  is  elongated  parallel  to 
Y  the  sign  of  the  elongation  is  positive  in  some  sections  and  negative 
in  others.  If  an  orthorhombic  section  be  elongated  parallel  to  Y  and  to  e 
a  macropinacoidal  section  may  be  normal  to  Z,  and,  if  so,  the  elongation 
is  positive.  A  brachypinacoidal  section  of  the  same  mineral  would  be 
normal  to  X  and  have  negative  elongation.  This  variation  of  sign  is  due 
to  the  fact  that  the  ray  vibrating  parallel  to  Y  travels  faster  than  the  Z 
ray,  but  more  slowly  than  the  X  ray. 

Further,  in  monoclinic  and  triclinic  crystals  in  which  the  direction  of 
elongation  is  usually  not  parallel  to  any  one  of  the  axes  of  ether  vibration, 
the  sign  of  the  elongation  is  determined  by  that  axis  of  ether  vibration 
which  is  nearest  the  axis  of  elongation.  Thus,  all  pyroxenes  have  posi- 
tive elongation  when  the  angle  between  Z  and  c  is  less  than  45*.  (See 
fig.  167.  page  324.) 

In  the  case  of  minerals  which  exhibit  flattening  (or  elongation  parallel 
to  a  plane)  all  sections  except  those  parallel  to  the  plane  of  flattening  will 
exhibit  an  apparent  elongation  whose  direction  will  be  variable,  depending 
upon  the  direction  in  which  the  section  is  cut.  In  this  case  the  sign  of 
elongation  is  determined  by  the  relation  in  position  between  the  axes  of 
ether  vibration  and  the  normal  to  the  plane  of  flattening.  The  sign  of 
elongation  is  positive  when  X  is  nearest  the  normal  to  the  plane  of  flatten- 
ing, :t  when  Y  is  so  situated,  and  negative  when  Z  is  nearest  Thus,  all 
micas  have  positive  elongation,  since  X  is  nearly  normal  to  die  basal 
flattening  in  all  species. 

Action  of  quartz  wedge.  Tlie  accompanying  diagram  (page  491)  illus- 
trates clearly  the  action  of  the  quartz  wedge  in  increasing  the  relative 
retardation  of  one  ray  as  compared  with  the  other,  when  inserted  so  that 
its  axes  of  ether  vibration  are  respectively  parallel  to  the  similar  axes  of 
ether  vibration  of  a  mineral  section,  and  its  action  in  decreasing  the  rela- 
tive retardation  when  ir.serted  so  that  its  axes  of  ether  vibration  are 
respectively  parallel  to  dissimilar  axes  of  the  mineral  section.  The  mica 
plate  and  sensitive  tint  plate  act  in  a  similar  way,  but  do  not  have  an 
increasing  effect  due  to  var>Mng  thickness,  as  is  obtained  on  inserting  the 
quartz   wedge,  thin   edge,  first. 


Plate  III  is  a  reproduction  of  Michel  Levy's  Table  of  Birefringences 
in  which  rock  forming  minerals  are  arranged  on  the  basis  of  their  max- 
imum interference  colors,  without  regard  to  any  other  characters. 

In  plate  IV  all  minerals  microscopically  identifiable  are  platted  on  the 
basis  of  refringence  and  birefringence.  This  diagram  was  suggested  by 
the  one  prepared  by  W.  O.  Hotchkiss^,  which  is  limited  to  rock  forming 
minerals,  and  in  which  such  minerals  are  platted  on  the  basis  of  refrin- 
gence alone.  Plate  IV  was  drawn  under  our  direction  by  Mr.  W.  G  Weber. 
The  chief  purpose  of  these  plates  is  to  aid  in  the  identification  of  minerals. 


^Jour.  Qeol.  XVT.   1008.  p.  421. 
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J,  Hat  7.    Add  "lor  small  angles." 

4C^  tuw  5  ttom  bolluni,     Rend:  "ck inordinary,"  instead  of  "e> 
ibdaty." 

A  liM  "J-    Ktad:  'T  Q."  instead  of  "G  Q.'" 
.^  liDv  ja.     Read  "C  Q."  instead  of  -/;  Q  " 
jj,  figiirF  sSb,     Tho  i:   ray  should  be  shown  refracted  t 
fchfc  of  the  0  ray  for  a  positive  mineral,  as  cassiterite. 
ftl.  lint  S  trom  bottom.    The  equation  should  read ; 
^^■■28-575^, 
707-345  ' 

09.  line  ft.    Sewl:  "t&rdatioD  in,"  instead  of  "fraction  of." 
N.  I'tie  It*-     Read:  "to  an  acute  bisectrix,"  instead  of  "10  a  bisectrix." 
84.  lin«  I  J.    Re«d:  "Z  or  X,"'  instead  of  "7.  or  Y," 

IM,  lidrr   litir   I,'.  Hit-   fi'IlowiriK  parngrapb  ivii5  omitlod  : 

Ltpldocroclte  lias  about  the  same  composition  as  gcethite;  it  has 
(KTfrt'l  vleavaice  !|  oio.  imperfect  ||  001  and  100.  The  optic  plane 
it  (wrallol  til  100;  the  acute  bisectrix  X  is  normal  to  010;  the  optic 
aiiilv  l^  large,  without  abnormal  dispersion.  Absorption  Z  >  V  >  X, 
and  Z  btuwniih  yellow.  Y  orange  yellow,  X  clear  yellow,  i 
a  liiilr  ii«i  thick.  Usually  associated  with  limonite. 
4^.1,  liiii-  -■  Kfad:  "Subtranslucent."  instead  of  "Subtamslut 
4jH,  liiir  Jl.     Read'  "Staurolite,"  instead  of  "Straurolite," 


INDEX. 

Where  there  are  several  page  references  black  faced  numerals 

are  used  to  designate  the  chief  description. 


Abnormal    orthoclase,    197,   212, 

ai5 
Absorption  formula,  17 
Acmite,  325,  336;  464 
Actinolite,  107,  109,  455 
Action  of  quartz  wedge,  490 
Adamite,  302 
Adclite,  390,  457 
iEgirinaugite,  334,  335,  460 
i^girine,  336 
iCnigmatite,  107,  117,  458 
^rinite,  151,  i«,  450,  451 
Akermanite,  283,  284 
Albite,  189,  212,  228,  450 
Albite  twinning,  98,   193 
Alcohol,  index  of,  5 
Allactite,  238,  463 
Allanite,  181,  186,  458,  459,  460 
Almandite  244,  246,  428 
Alunite,  103,  433  ' 
-Amarantite,  164,  447 
Amazonstone,  217 
Amblygonite,  103,  452,  455 
Amorphous  minerals,  424 
Amphibole  group,   104 

monoclinic,    108,   117 

extinction  angles  in,  105 

orthorhombic,  107,  108 

triclinic,   117 
Amplitude  of  vibration,  2 
Analcite,  397,  405.  4^5,  430,  448, 

481 
Analytical  tables,  415-464 
Analyzer,  16,  41 
Anapaite,    118 
Anatase,  301 
Andalusite,  118,  454 
Andesine,  189,  212,  231,  450 
Andradite,  244,  428 
Angle  of  extinction,  88 
Angle  of  incidence,  4 
Angle  of  optic  axes,  71 
Angle  of  refraction,  4 
Anglesite,  131,  133,  463 
Anhydrite.  131,  I33.  453,  456 
Anisotropic  minerals,  430-464 
Anisotropic  substances,  13,  25 


Annabergite,  388,  457 
Anomite,  286,  294 
Anorthite,  189,  212,  236,  452 
Anorthoclase,  189,  212,  ai8,  451 
Anthophyllite,  106,  107,  455 
Antigorite,  357,  450 

Apatite,  120,  435,  436,  485 
Apatite  group,  119 
Aphthitalite,    122,   430 
Apophyllite,  122,  432 
Aragonite,  124,  453,  457,  461 
Aragonite  group,  123 
Ardennite,   126,  463 
Arfvedsonite,  107,  114,  460 
Argentite,  240,  420,  473 
Arsenolite,  127,  427 
Arsenopyrite,  281,  421 
Asbestus,  109 
Astrolite,  127,  452 
Astrophyllite,   127,  461 
Atacamite,  128,  463 
Augelite,  391,  451 
Augite,  325,  33a,  459 
Autunite,  129,  452 
Axes,  crystallographic,  18 
Axes  of  ether  vibration,  53 
Axial  angles,  34 

triclinic,  36 
Axial  dispersion,  81 
Axial  goniometer,  7^ 
Axial   planes.    18 
Axial  ratio,  20 

hexagonal,  30 

monoclinic,  34 

orthorhombic,  33 

tetragonal,  28 

triclinic,  36 
Axinite,  129,  458 
Axis,  optic,  45,  46.  70 

dispersion  of,  81 
Azurite,  130,  464 

Babingtonite,  325,  339,  460 
Baddeleyite,   134,  464 
Balance,  Westphal,  39 
Barite,  131,  454 
Barite  group,   131 
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Barkevikite,  107,  112 
Barylite,   134,  45^ 
Barytocalcite,   134,  454,  457,  461 
Basaltic     hornblende,     107,     112, 

460,  461 
Basaltic   augite,   335 
Base,  29 

Basic   labradorite,   212,  227,  233 
Bastite,  107,  Z2rj,  328,  358 
Bauxite,  177 
Bavcnite,  403 
Baveno  twinning,  97,  192 
Beccarite,  348,  463 
Becke  method,  7,  10,  198 
Beckclite,  134,  420,  428 
Behrens*   method,  479 
Benitoite,   135,  443 
Berthierine,  251 
Bertrand  lens,  64 
Bcrtrand  ocular,  50 
Bertrand  refractometcr,  7 
Bcrtrandite,   135,  452,  455 
Beryl,  135,  436 
Beryllonite,  136,  450 
Biaxial  interference  figures,  72 

bisectrix,  ^2^  85 

optic  axis,  ^2^  84 

optic  normal,  87 

partial,  84 
Biaxial  minerals,  41,  70-92,  446- 

464 

optic  axes  of,  70 

sign  of,  71,  76,  81 
Biotite,  286,  agi,  434,  437,  438, 

452.  453,  456,  457 
Birefringence,    13,    15 

measurement  of,  60 

scale   of,  416 

table  of,  63 
Bisectrices,  71 

distinction  between,  76 

interference    figure    of.   72 

sign  of,  76 
Blodite.  279,  447 
Blue  plate,   78 
Bobierrite,  389,  453 
Bolcitc,  313.  442 
Booth itc,  282,  449 
Boracite,  137,  454,  458 
Borax.   137,  449 
Eoricky  methods,  476 
Bornite,  138,  421 
Botryogen,  138,  452 
Rcurnonite,  473 
Boussingaultite,  317,  447 
Bowlingite,  357.  359,  452 
Brochantite,  139,  446 
Brachydiagonal    axis,  32,  36 
Brachydome,  ZZ 
Brachypinacoid,   ZZ 
Brachyprism,  33 
Brachypyramid,  ZZ 


Brandisite,   162 
Bravaisite,   139,  452 
Brittle  micas,  161 
Breithauptite,  158,  160,  421 
Breunnerite,  145 
Brewsterite,  397,  399,  448 
Bromlite,   124,  453,  456,  461 
Bromyrite,  253,  428 
Bronzite,  325.  326 
Hrookite,  140,  464 
Brucite,   141,  433 
Brushite,   315,  451 
Bytownite,  202,  212,  235,  450 

Cabrerite,  123,  125,  457 

Cadmium  borotungstate,  38 

Calamine,  141.  A^^ 

Calcite,  143,  432,  435,  438,  481 

Calcite  group,  142 

Calcite  interference  figure  plate. 

49 
Caledonite,  146,  462 

Calomel,  147,  444 
Canada  balsam,  index  of,  5 
Cancrinitc,  298,  299,  431,  434 
Carborundum,   295 
Carlsbad  twinnincr,  96,  191 
Carnallite,   147,  449 
Carpholite,  147,  455 
Carphosiderite,  165,  433 
Cassiterite,  346,  349,  444 
Catapleiite,  148,  456 
Cat's  eye,  342 
Cavolinite,  300 
Celadonitc,  249 
Celestite,   131,  13a,  454 
Cclsian,  189,  212,  213,  457 
Cerargynite,  253,  427 
Cerussite,  123,  125,  464 
Cervantite,  386 
Chahazitc,  397.  404,  430,  448 
Chalcanthite,   149,  452 
Chalcedonite,  343 
Chalcedony,  343 
Chalcocite,   149,  420,  473 
Chalcophyllite,  385,  435,  438 
Chalcopyrite,   150,  422,  468,  473. 
Chamosite,  251,  451 
Chaulnes  method,  6 
Chiastolite,   118 
Childrenite,   150,  446 
Chloanthitc.  321,  421 
Chlorapatite,  120 
Chlorastrolite,  410 
Chlorite  group,  150,  450 
Chloritoid  group.  156,  458,  459 
Chlormanganokalite,  147,   435 
Chloromelanite,  338 
Chloropal.  157,  452 
Chlorophyllite,  167 
Chondrodite,  259,  309,  456 
Christianite,  401 


Chrome  diopside,  332 
Chromlle.  J67,  369.  422.  428,  473 
Chromocre,  289 
Chrysoberyl,  157,  458,  462 
Chrysocolla,  128 
Chrysolite,  303,  305,  460 
Chrysotile,  357,  35*.  45' 
Cinnabar,   158,  444 
Cinnabar  group.  15S 
Oas^iiiication  of  minerals,  418 
Claudetite,  386,  462 
Cleavage,  37.  94 
Clinochlore.  151,  153,  451,  454 
Clinoclasite,  161,  44; 
CHnodiagonal  axis,  34 
Clinohedrite,  142,  44? 
Clinohumite.  259,  361,  456,  460 
Cltnopinacoid,  34 
Clinoprism,  35 
ainozoisite,  184,  458 
Clintonite  group,  161 
Cobaltite,   321,   42t 
Cokmanite,  164,  456 
Color  of  light,  2 
Color,  inlerterence,  46 

highest,   57 

intensity  of,  47 

kind  of,  47 

lowest.  s6 

order  of,  59 
Color   scHf,    55 
Cclumbjte,  37a,  423,  473 
Common  hornblende,  107,     iii, 

454 
Comparator  of  Michel  I-evy,  60 
Compensalion  point,  60 
Composition   face,  516 
Condenser.  42 
Conlact  twins   g6 
Convergent  light,  42 
Copiapite,  164,  447 
Coppe     230,  421 
Coniiimhit*,  165.  432 
Cordierite,  165,  450.  451 
Corundophilite.  151,  155,  451 
Cornndum   168,  441 
Cossyrite,  117 
Coyellite.  158.  159.  422 
Crichlonile   265 
Crocidolite    07  116,  459 
Crocoiie,  169,  464 
Cronstedtite,  251 
Cross  hairs,  44 
Crossite,  117 
Cryolite,  160,  448 
Cryolithionite.    70,  425 
Cryophyilite,  200 
Crystal  form,  20 
Crystallographic   axes.    t8 
Crystal! ©graphic  indices,  20 
Crystallographic  systems.  25 
Cube.  26 
Cubic  system,   25 
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Cumengeite,  313,  445 
Cummingtonite,    107,   no,  455 
Cuprite,  170,  429 
Cuspidine,  170,  446 
Cyanite.   171.  459 
Cyanochroite.  317,  447 
Cyanotrichicc,    172,   446 
Cymoplnanc,    157 

Damourite,  288 

Danalite,  256 

Danburite,  172,  454 

Dannemorite,  no 

Datolite,  173,  456 

Datolite  group,  173 

Davyne,  300,  430,  432 

Dawsonite,     76,  446 

Delessile,  151      55,  451,  454 

DeseloHite    303,  463 

Description  of  minerals,  102 

Determination  of  order  of  in- 
terference color,  S9 

Determination  of  position  of  eic- 
tinciion,  49,  50 

Dcterminalion   of   refractive   in- 

Dctermination    'of     relative    re- 

fringence,   10 
Determination  of  sign  (biaxial), 

76-80 

in  sections  parallel   to  optic 
plane,  77 

in  sections  normal  to  bisec- 
trix, 78 

in   sections  normal   to  optic 
axis,  79 
Determination    of   sijrn    (uniax- 
ial), 64-69 

in  basal  sections,  68,  69 

in  vertical  sections,  65-67,  69 
Determination  of  specific  grav- 
ity, ,10 
Determination   of   thickness    of 

section,  61 
Dewalquite,  126 
Ueweyiite,  357,  361.  451 
Diallage,  329,  332,  335 
Diamond,  176,  427 
Diaspore,  177,  461 
Diaspore  group,  177 
Dichroism,  17 
Dihydrite,  319 
Diopside,  325,  349,  460 
Dioptase,  180,  440 
Dipyre,  352.  3S3.  433 
Direction  of  extinction,  49 
Dispersion    in   monoelinic  cry* 
tals.  89 

crossed,  91 

horizontal.  90 

inclined,  89 

symmetry  of,  93 
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Dispersion       in       orthorhombic 

crystals,  8i 

symmetry  of,  92 
Dispersion   in    triclinic  crystals, 

92 

symmetry  of,  92 
Disthene,  171 
Distinction  between   bisectrices, 

.76 
Distinction   between    X   and    Z, 

76 
Dodecahedron,  26 
Dolomite    142,  144,  432,  4i«;.  438, 

440,  481 
Domes,  21 
Double  refraction,  13,  15 

measurement  of,  60 

table  of,  63 
Dudleyite,  281 
Dumortierite,   180,  459 
Durangite,  104,  446 
Dysanalite,  322,  420 

Edenite,  107,  112 

Edingtonite,  397,  406,  451 

Ehlite,  319 

Elongation,  92 
sign  of,  488 

Elpidite,  181,  451 

Emerald,    130 

Embayments,   342 

Embolite,  253 

Enstatitaugite  series,  332 

Enstatite,  325,  326,  454,  458 

Eosphorite,  150,  446 

Epididymite,   188,  450 

Epidote,  184,  459,  460,  461 

Epidote  group,  181 

Epsilon  (c),  14 

Epsomite,    186,^449 

Epistilbite,  307/399,  449 

Erubescite,  138 

Erythrite,  388,  457,  461 

Erythrosiderite,    147 

Ether,    i 

vibration  of,  2 

Ether   vibration,   axes   of,   53 
in  monoclinic  crystals.  88 
in   orthorhombic   crystals,   70 
in    triclinic    crystals,   92 
in  uniaxial  crystals,  53 

Euchroite.  187,  457 

Euclase,  173.  i75,  455.  459 

E-ucolitc,  188.  435.  43^ 

Eucryptitc,  208,  290 

Eudialyte,   188,  435.  436 

Eudidyniite.   1H8,  450 

Extinction  anp:le,  88,  89 
sign  of,  196 

Extinction  position.  47 
determination    of.    49 

Extraordinary   ray,    13,   46 


Fassaite,  304,  334 
Fayalite,  303,  309,  463 
Feldspar  group,  189 

alterations,  202 

birefringence,  198 

classification,   212,   227 

crystal  form,   189 

diagnostics,  206,  222 

dispersion,  202 

extinction    angles,     212,    222, 
225 

sign  of,  196 

occurrence,  206 

optic  angle,  202 

optic  properties,  196,  220 

plagioclase  subgroup,  21Q 

refringence,    198 

sign,   202 

statistical  method,  207 

stereographic        projections, 
197,  227 

twinning.   191 
Ferriferous  augite,  334,  335 
Ferriferous  hornblende,  107,  112 
Ferrinatrite,  237,  434,  438 
Fibrolite,  363 
Fischerite.  237,  450 
Flattening,  92,  490 
Flinkite,   237.   446 
Fluellite,  238,  447 
Fluorapatite,   120 
Fluorite.  239,  425 
Form,  crystal,  20 

fundamental,  23 
Forsterite,  303,  305.  456,  460 
Fouqueite,  181,  183.  458.  459 
Ftanklinite,  367,  370,  420,   473 
Fried  elite.  240,  437,  440 
Fuchsite.  289 
Fuess  microscope,  43 

Gadolinite,   173.  175,  462,  463 
Gahnite,  367,  368,  429 
Galena,  240,  420,  475 
Ganophyllitc,  241,  460 
Garnet  group,  241 
Garnieritc,  361,  424.  450,  454 
GaylussitC.  247,  44Q 
Gedritc.    106,   108,  455 
Gehlenite,  283,  436 
Geikielite.  265,  266,  445 
General  classification,  418 
Genthitc,  357.  361 
Gerhardtite.  248,  446 
Gibbsite,  263 
Gieseckite.  299 
Gigantolite,  167 
Gismondite,  397,  402,  451 
Glass,  index  of,  424 
Glauberite,  248,  453.  456 
Glaucochroite,    303,   304,   461 
Glaucodot,  473 


_      .  le,  348.  455.  468 

Glaucophane,  107,  Ji6,  4SS 
Gmcliniw,  397.  4047  430.  448 
Gocthite.  177,  178,  4^4 
Gold,  249.  422 
Goslarite,    187,   449 
Graiididicrite,  Z50.  456 
Graphite,  331,  420,  473.  48a 
Greatest  axis  of  ether  vibration, 

53 
Greenalite,  351,  423.  4^4 
Grectiockile,   158,   IS9.  441 
Grinding    469 

Grossularite,  244,  "45.  420.  427 
Grouping.  0 
Gruntrite,  107,  in,  461 
Gypsum,  252,  450 

Haidingerite,  315,  457 
Hainite,   340,  4S8 
Halite,  253,  426 

Hambcreitc.  353,  453.  457 
HaiilfsJtL-,  ^^4.  431 

Har,ly  lun.tc,  354,  436.  439 
Harmr.tonK-.   397.  4OI,  448 
Harstigite,  254.  458 
Hatchiitoiite,  122,  428 
Ilautefeuillite,  389.  453 
Haiiynite,  364.  365.  425.  481 
Hebronite,  104 

Hedenhergite.  325,  339,  458.  4Sy 
Heintzitc.  255,  446 
HcUandite,  255.  462 
Hrlvitt,   35s.   426 
Hemafibritf,  256,  +46 
Hematite,  356,  422.  445.  473.  474 
Hematcjlite,  338,  439.  457 
Hcrcynitc,  367,  368,  423.  427 
Hcrderite,  257.  450 
HcrrcnRrundite,  139,  447 
Heulandite.  397.  398,  448 
HexaKonal   system.   2g 

and  pidnrtzed  light,  45 
Hiddenite.  336 
Hilleb  anditt    411 
Hiortdahlite,  325.  340,  459 
Homilite,   173.   174,  4F9 
Hopeite.  337,  450,  452 
Hornblende,    107.    in,  454,  455. 


,    ',  4''i 
Hortnnniite,  3«3,  307.  3io, 
rTiibncritc,  238.  446 
Humite,  260.  456 
Hiimite  group.  259 
Hureniilite,  262,  446 
Hiissakite.  303 
Ihitchinsonitc.  363.  4^4 
Hyalophanc,  189.  212,  213, 
Hyalosiderite.  305 
Hydrarsillile.  263,  452 
Hydromagnesite.  264,  451 
Hydromica.  288 
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Hydronephelite,  397,  410,  431 
Hydrotalcite,  264,  43' 
Hypersthene.  325.  327.  459 

Ice,   265,   430 
Iddingsite,  3^ 
Idocrase,  386 
Ilmenite,  266,  420,  473 
Ilmenite  group,  265 
Uvaite,  267.  462 
Inclined   illumination,   II 
Index  of  refraction,  4 

determination  of,  6 
Indices,   Miller,   20 
Intensity  of  color,  47.  49 
Intensity  of  light,  2 
Interference  color,  46,  48,  55 

factors  determining,  57 

highest,  57 

intensity  of,  47,  49 

kind  of,  47,  49 

lowest,  55 

order   of,   59 

relative,  71 
Interference  figure,  50.  7= 

Biaxial,  72 

bisectrix.   72,   85 
optic   axis,  72.  84 
optic    normal,   87 
pattiBl.  84 
symmetry  of,  92 

Uniaxial,  50 

partial,  8j 
vertical  sections,  64 
Interference   of  light,  48 
Interference    of    simple    wav 

488 
lodembolite,    2.53 
Iodide,  methylene.  5.  38 

potassillin  mercuric,  38 
lodyrite.  268.  444 
lolite.  165 
Iron.  268,  420 
Irvinnite.  290 

lincrals,   425-429 


1st 


systei 


and  polarized  light,  44 
Isorthoclase.  216 
Isotronic  minerals.  424-429 
Isotropic   substances.    I2.   25,  45 


jadeite.  325.  337,  456,  ■ 
Jeffersonite.   33' 
Johnstrupitc,   296 


Kainile.  268.  449 
Kalinite,  269.  425 
Kaliophilite,  298,  299 


Kanlinitc,  269,  451 

Katoforite,   10?,   lU 

Kcilhaiiitir,  370 

Kclyphitc.  346 

Kitscritc.  J70,  447 

Kind   (if  intiTfiTcnoe  color,  j? 

Knebclite,  gjo 

Kohlrausch    apparatus,  q 

Konigsberger,  465-475 

Koppite,  322,  428 

Kornerupine,  270.  4^g 

Krohnkite.  271,  457 

Kryptotile,  250 

Ktypoile,  124,  455 

KunxJIe,  336 

Labradoritc.  189,  212.  733,  45" 
Lacroix   axial    gonionicier.   73 
Lamprophyllite,  128 
Laiiarkite.  274,  447 
Langbcinite,  371,  426 


ii'gilc. 


139,  . 


'7.  403 

-     .   .  W 

UAvenite.  37a,  4'5o.  4*3 

Lawsoiiite,t'273,  459 

Laiulite,  273,  45"* 

Laxurite,  364.  366.  4^3 

Lcadliillite,  274,  464 

Least  axis  of  ether  vibration,  53 

Leias  microscope.  44 

L^ns.  BerErand,  64 

Lens,  convergent,  42 

Lepidocrocitc.  446,  -492 

I.cpidolilc,   286,   28g,  453,  456 

Lettsomite,  172 

Leuchtenbergitc,  354 
Leucite,  275,  425.  430.  448,  481 
Leueophane,  276,  452 
Leiicosphenite.  277,  456.  4*1 
Lcucoxene,  266,  37Q 
Leverrierite,  289,  452 
Libethenitc,  303-  457 
Liebenerite.   299 
Light.    I 

propagation   of.   2 

reflection    of.   3 

refraction  of,  3 
Light  ray,  3 
Limonite,   27?,   463 
Linarile,  278,  464 
"     ,   409.   448 


Lii 


,„447 


Lithiophilite,  384,  458 
Lorenzenite,   279,   460,   463 
l.oweite,  279,  430 
Lndlatnite,  279,  446 
Luteeite.  343 

Macrodiagonal   axis,  32,  36 


Macrodome.  33 
Macropinaeoid,    33 
Macroprism,  33 
Macropyramid.  33 
Magnesiofcrrite.    367,     371, 

474 
MagncsitE,    142,    432,     435.    438, 

440.  481 
Magnesiumdiop^idc.  331 
Magnetite,  367,  369,  420 
Malachite,  280,  464 
Malacoliti'.   332 
Malacon.  348,  424 
Manebach  twinning.  98.   192 
Manganite,  177.  179.  44*5,  473 
ManganopectoHle,  312 
Marca^ite,  28a,  421,  468,  474 
Marjjarite,   a8l,  454 
Marialite.   352.  354.  433 
Marshite.   282,   42? 
Mean  axis  of  ether  vibration,  70 
Measurement   of  double  refrac' 

of  optic  angle,  74 
of    thickness    of 


I 


.  61 


Meerschaum,   356 
Meionile,  352,  434 
Melanile,  244,  473 
Mclanterite,  282.  449 
Mclilitc.  283,  436 
Melilite  ^roup.  283 
Mcliphanite,  284,  437 
Mellitc.  aBs.  43',  434 
Menaccanite,   266 
Mcsolilc,  ,1Q7.  408.  448 
Mclhyk'u,'  iiidide.  5,  3R 
Mica  group.  285 
Mita  plate,  67,  68,  78,   79 
Michel    Levy  comparator,   60 
Microchemical   methods,   476 
Microcline,     189,   212.   ai6,  448, 

4SI 
Microcline-anorthociase.         212, 


Microlite.  322 
Microscope,  41 

passage  of  light  through,  47 
Microsommile,  298,  300,  432 
Miersite,   282,   427 
Miller  indices,  20 
Millerite,  158,  160,  422 
Mimetite.  i20,  133,  442,  462 
Mirabilite,  294,  447 
Mispickel.  281 
Moissanite,  294 
Molybdite,  205.  446 
Molybdophyllite,   295,  443 
Molydenite.  395,  420,  473 
Monazile.   296,  463 
Monoclinic  system,  34 

and  polarized  light,  87 


axes  of  ether  vibration  in.  88 

dispersion  in,  89 
Monlebrazite,  104 
Monticellite,  303,  304,  454 
Mordenite,  397,  448 
Moreiiositc,  187,  44Q 
Mosandrite,  296.  454 
Muscovite.    286,    a87,    452.    453. 

456,   457.   48i 

Nachet  microscope,  41 
Narsarsukite,  297.  433 
NatTOclialcite,   398,  457,  461 
Natiolitc.  ,^tl7,  406,  448 
NatTophilitc,  3R4 
Nature  of  doitblo  refraction,   13 
Ncphelite,  298,  432 
Nepouite,  361 
Nesquchonite,    300,    449 
Newbcryite,   301,   447 
Newton  s  color   scale,  55 
Niccolite.  158,  160,  421 
Nicol  prism,  15,  41 
Niter,  301.  449 
Nonironile    157 
Northrupite.   301.  425 
Noselite,  364.  365,  425,  482 
Noumeite,  361 

Objectives.  44 

Observation   of   partial   interfer- 
ence figures,  82 

Obsidian,  424 

Octabcdrile,  301,  443,  444 

Octahedron,  26 

Ocular.  44 

Bert  rand.   50 

Okenite,  302.  450 

OlieocEase,  189,  21Z,  830,  450 

Olivcnite,  302,  462 

Olive  oil.  index  of,  5 

Olivine  303.  305,  460,  463 

Olivine  croup,  303 

OmeRa  (lu),  14 

Omphacite,  331,  332,  335 

Opal.  310.  424,  481 

Opaque  minerals,  420,  465 

Optic  angle.  71 

measurement  of,  74 

Optic   axial   plane,  71 
trace   of.   72 

Optic  axis.  45-  46.  70 

interference    figure,   72 

determination       of       sign 
from.   79 

Optic   normal,   70,   87 

Optic   plane.   71 
trace  of,  72 

Optical    sign,  80 

Optical   study  of  opaque   miner- 
als, 465 


Order  of  color,  59 

determination  of,  59 
Order   of   description   of   miner- 
Ordinary  ray,   13,  46 
Orpiment,  311,  446 
Orthite,   186 
Orthochlorites,  151 
Orthoclase,    189,    212,    314.    448. 

451 
Orthodiagonal  axis,  34 
OTthodomc,  35 
Orthopinacoid,  34 
Orthorhombic   system,   32 

and  polarized  light,  70 

axes  of  ether  vibration  in.  70 

dispersion  in,  81 
Ottrelite,   156 

Pachnolitc,   169.  447 
Paragonite,  286,  aSy.  453 
Parahopeite,  258,  455 
Parallel   growth,  96 
Parallel   polarized  light,  4' 
Parameters,   18 
Parpasite,  107.  iia,  455 
Parisite,  31a,  435-  438.  440 
Partial   interference   figures,  82 
Parting,   37,  95 

Passage  of  light  through  micro- 
scope, 47 
Pectolite,  312.  456 
Penetration  twins,  96,  191 
Penninite,   151.   45° 
Percivalite,  338 
Petcylite,  313,  428 
Periclase,  31^,  426 
Pericline   twinning,  98.   193 
Perovskile,  314,  429.  462 
Ferthite,  216 
Petalite,  3'4.  448 
Pcin  inraplik-   microscope,  41 
Uy.,T,ni,c.-.hu:  ,115,  4,52 
Ph.irni,n:<'^iilcri[e,  315,  426 
Phase.  2 

Phenacite.  316,  436,  439 
Phenomena  of   light,   I 
Phillipsite,   397,  401,  448 
Phlogopite,   286,   agi,  434,   437, 

453,  456 
Phosgenite.  317,  442 
Phosphosidcrite.  317.  457 
Physical  characters.  37,  92 
Picotile,   367,  368 
Picromeritc.  317.  447 
Piedmontite.   181.   185,  461    . 
Pigconite,  331,  459 
Pinacoids.  21 
Pinite,   167 

Pirssonite,   347.   449-  453 
Fisanite,  282,  449 
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PUgioclage  subgroup,  zig 
tlsBsitication.  aia,  327 
diagnootJvs,  213,  322 
extinction    angles,    jij. 


Phncs   of  symniflry.   20 
PJatlneriic,  JAb.  350.  4^3.  4^4 
Pleoclirok  forinufa,  17 
"'      laste,  ,168 


Pol: 


14 


Polarization'  coj.ir.  46.  S5 
Polarized  light.  44 
Polariier,   16.  41 
PolariKinij  microscope,  41 
Poles  of  crystal  faefs.  J3 
Polianite,  346.  3S0.  420 
Polithitijt,  469 
Pollocite.    276.  416 
Polybasitc,  .nS,  462 
Polyhalile,   J4S.  aSJ 
Polylitliionite.   zgo 
PolysyuthHic   Iwinnins,   98 
Position  of  extinction,  47 
.Praseolite.  ifc 
Pregritlilc,  287 
Prthnile,  318.  456 
Primary  axis,  45 
Pnneipal  axia,  45 
Principal    optic   section.   16,  46. 

64 
Prjsm aline,  270 

Prochlnrite,   151.  154.  450 
Projection,   spherical.   23 

stercoKrnphic,  2^ 
Prolectite.  25Q,  456 
Propasaiion  of  light;  2 

in  uniaxial  crystals.  S3 
Prosopite,   170.  449 
Proustltc,   320,  445 
Pseudoboleite,  313,  443 
Paeudobrtiokitc.  3ig.  463 
Pseud  nchalcedonitc,   343 
racudoleucite.  276 
Pseudom.ijachite,  3ig,  4i7 
I'aeudomesolite,  V}7.  408.  4j8 
Ptilolile.  397,   398 
Pyramids.  31 
Pyrargryrite,  320,  445 

Pyrile.  .vV,  421.  468.  473 
Pyroauritc,  264 
Pyrochlorc.  322,   428 
Pyrochroite,    141.   440 
Pyrnlusitc.  350,  420,  474 
Pyromorphite.   120,   lai,  441,  462 
Pyrnpe.   244,  346,   428 
Pyrophanitv,  265,  267,  445 

Pyrophyllitp,  Tiii,  453 


Pyrosmnlile,  340.  437,  440 
Pyrosliipnite,  320,  462 
Pyroxene  ^roup.  323 

moi;oclmic.  339-338 
extinction  angles  in. 

orthorhombic.  326-329 

tridinic,   338-.M0 
Pyrrhite,  32a,   428 
Pyrrhotite,   l,i8.  l6o.  421,  473 

Quarter    uiuluktioii    mica    plate, 

67.  68,  7«,  79 
Quartz.  341,  43J,  450 
QuarUine.  344.  450 
Quartz   sensitive   tint   plale,     jo, 
„  58.  6s.  69.  77.  78 
Quartz  wedge.  58.  «,  7» 


Quenstedtili 


163 


Ranite,  410 

Ratio   axial,  20,  a?.  3",  ih  34.  3 

Ray  01  hi[hi.  3 

exltnordinary,   i,),  46 

ordinary,  13,  46 
Ri-algat.  344.  463 
Kcd  and  blue  plate,  &2 
Reflection  of  light,  3.  s 
Refraction  of  light.  3 

in  anisotropic  media.  13 
Refractive   index,  4 
Befraciometcr,  7 
Refringencc,   scale    of,    415  ■ 

Relative  interference  colors,  71  I 
Relief,  s 

Retardation   of   light,   63 
Rhodochrositc,  I42,.i46,  438,441. 

445 
Rhodonite,  325,  338.  459 
Rhombic    dispersion.   81 
Rhombic  dodecahedron,   26 
Rhombic  section,  98,   194 
Khombohedron,  31 
Rhonile,  118 
Richteritc,   .or.  110.   455 
Riebeckite.  107,  115,  458 
Rinkile,  344,  458 
Romcnie,  345.  447 
Roscoelite.   293 
Rosenbuschite.  345,  455,  460 
Rotation   of  stage,  43 
Ruby,   t68 
Rutile,  346,  444 
Rntile  group,  ,146 

.Sagenite,  342 
Salite,  330.  331 
Salmiac.   253,   4*6 
Sanidine,  197,  214 
Sapphire,  I&S 
Sapphirine.  350,  458 
Sarcolite,   3.^i.   437 


INDEX, 


501 


Sartorite,  473 
Sarkinite,  238,  447 
Sassolite,  351,  449 
Saussurite,  183 
Saussuritization,  204,  229 
Scale  of  birefringence,  416 
Scale  of  refringence,  415 
Scalenohedron,  31 
Scapolite  group,  351 
Scheclite,  354,  442 
Schefferite,  331 
Schorlomite,  245,  422,  428 
Scolecite,  307,  407,  448 
Scoroditc,  355,  462 
Selective  absorption,  17 
Sellaite,  355,  43i 
Senarmontite,   127,  427 
Sensitive  tint,  57 
Sensitive   tint   plate,   50,   58,   65, 

77,   78 
Sepiolite,  356,  450 
Serendibite.  356,  458 
Sericite,  288 
Serpentine  group,  357 
Serpieritc,    140,   446' 
Seybertite,  162,  163,  454 
Siderite,   142,   145,  438,  441,  445, 

481 
Sign  of  biaxial  minerals,  71,  80 
determination    of,   76-80 

in   sections  normal  to  bi- 
sectrix, 78 
in  sections  normal  to  op- 
tic axis,  79 
in  sections  parallel  to  op- 
tic plane,  77 
Sign  of  elongation,  486 
Sign  of  extinction  angles,  196 
Sign  of  uniaxial  minerals,  69,  80 
determination  of,  64-69 

in   basal   sections,  68,   69 
in  vertical  sections,  65-67, 
69 
Sillimanite,  362,  455,  459 
Silver.  250,  421 
Single  refraction,  3,   13,   14 
Sismondine,  156 
Smaltite,   321.   421 
Smaragditc,  331 
Smithite,  363,  464 
Smith  refractometer,  8 
Smithsonite,    142,    146,   438,   441, 

445 
Snow,  265 

Soapstone,  375 

Sodalite,  364,  425,  481 

Sodalite  group,  363 

Soda  niter.  366,  432,  435 

Soda  orthoclase,  212,  216 

Solution.   Brauns',  38 

Klein's,  38 

Thoulet's.    38 


Soretite,  112 

Spangolite,  366,  438,  440 

Specific  gravity,  38 

Spessartite,  244,  247,  429 

Sphalerite,  366,  427 

Sphene,  378 

Spherical  projection,  2s 

Spinel,  367,  427,  474 

Spinel  group,  367 

Spodumene,  325,  326,  455,  459 

Spurrite,  412 

Stage,   rotation   of,  43 

Statistical  method,  207 

Staurolite,  371,  458 

Steatite,  375 

Sterepgraphic      projection,      25, 

197,  227 
Stibiconite,   386 
Stibiotantalite,  372,  464 
Stibnite,  373,  422,  464,  474 
Stilbite,  397,  400,  448 
Stokesite,  373,  454 
Stolzite,  355,  445 
Strontianite,    123,    125,  453,   457, 

461 
Struvite,  373,  447 
Sulphoborite,  270 
Sulphur,  374,  464 
Sylvite,  2!;x  425 
Symmetry  of  crystals,  20 
Symmetry    of    interference    fig- 
ures, 92 
Symplesite,  388,  453 
Synadelphite,  238,  446 
Synchysite,  312,  440,  444 
Syngenite,  374,  449 
Systems,  crystallographic,  25 

hexagonal,  29 

isometric,  25 

monoclinic.  34 

orthorhomblc,  32 

tetragonal,  26 

triclinic,   36 

m 

Table  of  birefringence,  63 
Table  of  double  refraction,  63 
Table  of  refractive  indices,  5 
Tables     for     determination     of 

minerals,  415 
Talc,  375,  453.  482 
Tarbuttitc,  376,  461 
Tellurite,  376,  462 
Tennantite,  377,  475 
Tephroite,  303,  464 
Tetragonal   system,  26 

and  polarized  light,  45 
Tetrahedrite,   377,  422,  429,   473 
Thalenite,  377,  459 
Thalite,  376 
Thaumasite,  377,  431 
Thenardite,  378,  448 
Thermophyllite,  360,  452 


Thicknes. 

t  of,  61 
Thomsenolite,  ,l6g,  447 
Thorns  onitc,  397.  A09,  449 
Thorite,  346,   349,   424.   44' 1   44*. 

443»  444 
Thouki't  solution,  38 
ThuJitc,  182 
Titaiinugite,  3J4,  US 
Tilanilt,  378,  464 
Tilanolivinc,  303.  308,  460 
Topai.  379.  454 
Torbernitc,  300.  433 
Total  rcHcction,  5 
Tourmaline,  381,  436,  437,  439 
Trace  of  optic  plane,  72 
TraptzoheUroii,  26 

tri«<inal,  ,1J 
Trcniolite,  107.  toB,  455 
Triehroism,   17 
Tricliiiic  sysieni,  3(1 

anil  puhrizcd  heht.  02 

»xti  of  MJicr  viDntion  in,  qa 

dispersion  in,  92 
Tridymite,  383,  448 
Trinitcitc,  316,  439 
Triphane,  336 
Triphylile   384.  4S8 
Triplile.  389.  446 
TviploiHire.  3^4 
Troilite.    161 
Tron«.  385.  447 
Trou.tilc,  J.f, 
Turgite,   278 
Twinned    plane.   </> 
Twinnini;,    17,  g6,   lOi 
.  9^.   193 


Uniaxial  n 


,  45- ?o,  4 


Bavci 
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Carhbad,  96,   1  , 

Manebach,  08,  igs 

Periclinc,  98,  193 
Twinning  axis.  37 
Twinning  plane,  96 
Twins,  contact.  96 

penetration.  ')6 
Tyrolitc,  3S.S,  4s; 
Uniaxial  crystal*,  dclerminatio 

of  sign  of.  64-69 
Uniaxial  interference  figure,  51 

in  basal  sections.  50 

in  vertical  sections,  64,  84 

oartial,  83 


Uralile,   lio,  ,v8,  334 
Uranite,  129 
Uranocircite,  385,  454 
Uvarovitc,  244.  345,  439 
Valentitiitc,  386,  445.  4^2 
Vanadinite,    120.    laa,   44J 
Venasqutte,  156 
Venus'  hair,  342 
Vermiculite,  293 
Vesuvianitt,  386,  439 
Vibration  of  ether.  2 

axes  of,  S3,  70,  88.  92 
Villarsite,  305 
Viltiaumite,   387,   425 
Viluite,  386 

Vivianite.  387,  453,  457 
Volknerite,  264 
Wagneritc,  ,589,  451 
Wapplerite.  31S.  446 
Wwrwickite,  390,  463 
Water.  265 
W.1VC   front,  3 
Wave  length,  3 
W.-ivellitc,  390.  449.  4Sa 
Wave   motion.  2 
Wedge,    quartz,    58,    66,    65,' 

cimbination.   59  1 

Wellsiie.   doa  I 

Werncrite,  352.  433 
Westphal  balance.  39 
Whewcllite,  aoi,  449,  453,   45 
Willemite.  316.  439 
Withamite.  185 
Wilherite.  123.  184,  454.  437, 
Wohlerite,  392.  460 
Wolframite.  258,  422 
Wollastonile,  392,  455 
Wulfenitt.  355.  444 
Wnrtiitc,  l,i8,  159,  442 
Xanthoconile,  320.  462 
Xanlhophyllile.    162,   455 
Xenntime.  3q3,  440.  444 
"    '■■  '      3=1;.  360,  452 


Ztolit 


ii'P.  .194 


.  .180,  43*' 
Zincite.  411.  442 
Zinnwnldilc,  286.  ago.  453 
Zircon.   346.   347.    441.    442, 
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